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1 
SCOPE OF THIS THESIS 
One of the major functions of the brain is to produce movement in 
response to sensory stimulation. Until perhaps 20 years ago 
there has been a fair measure of agreement about the role played 
by the mammalian superior colliculus in sensory-motor function. 
This structure was assumed to be responsible for a few visuo-
motor reflexes of no great interest, an insignificant structure 
that could be omitted from an illustration of the mammalian 
visual system. In recent years, however, much of the work on 
sensory-motor function has centered on the superior colliculus, 
which is now seen as one of the important nodal points in the 
brain network that directs sensory-motor behaviour. 
This thesis deals with the role of especially the deeper layers 
of the superior colliculus in programming movements of cats. 
In the chapters 1 and 2 literature is reviewed to provide 
cornerstones for the fact that the deeper layers of the superior 
colliculus are involved in sensory-motor behaviour. In chapter 1 
a survey of the anatomical literature is given: it lays the 
foundation for understanding the function of the deeper layers of 
the superior colliculus (chapter 2). Based on the literature 
reviewed in chapter 2 it is postulated that the deeper layers of 
the superior colliculus are involved in the execution of a 
special type of targeting movements, i.e. targeting movements 
that are elicited but not continuously guided by external stimuli 
(non-externally guided targeting movements). Pharmacological 
studies reviewed in chapter 2 demonstrate that especially the 
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GABA-ergic activity in the deeper layers of the superior 
colliculus is involved in the execution of non-externally guided 
targeting eye movements. The chapters 3 and 5 provide 
experimental data about the role of the GABA-ergic activity in 
the deeper layers of the superior colliculus in the execution of 
non-externally guided targeting movements in which other parts of 
the body than the eyes are involved. 
Chapter 2 also contains a survey of the literature on two 
additional aspects. First, the role of both the substantia nigra 
pars reticulata and the striatum, especially the caudate nucleus, 
are discussed with respect to the deep collicular related 
behaviour mentioned above. Second, the involvement of the deeper 
layers of the superior colliculus in the expression of behaviour 
attributed to the substantia nigra pars reticulata or the caudate 
nucleus is discussed. Neurochemical findings reviewed in chapter 
2 demonstrate that the striatal dopaminergic activity controls 
both the GABA turnover in the substantia nigra pars reticulata 
and that in the deeper layers of the superior colliculus. The 
latter effect is mediated via GABA release in the substantia 
nigra pars reticulata. Consequently, it is not unlikely that the 
integrity of the dopaminergic activity in the striatum and that 
of the GABA-ergic activity in the substantia nigra pars 
reticulata are required for the execution of the above mentioned 
collicular related targeting movements. These hypotheses are 
tested in the chapters 3, 4, 5 and 6. Chapter θ deals with the 
question how the substantia nigra pars reticulata contributes to 
the execution of the deep collicular related targeting movements 
under study. 
Literature reviewed in chapter 2 suggests that the GABA-ergic 
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activity in the substantia nigra pars reticulata is involved in 
the adjustment of the body position with the help of pro-
prioceptive stimuli. Chapter 5 provides experimental data about 
the role of the nigral GABA-ergic activity in the occurrence of 
movements that use these stimuli for their execution. As the 
striatal dopamine receptors control the GABA-ergic activity in 
the substantia nigra pars reticulata (see above), the role of the 
striatal dopaminergic activity in programming the latter 
movements is investigated (chapter 6). Since the deeper layers 
of the superior colliculus are one of the major output stations 
of the substantia nigra pars reticulata, it is hypothesized that 
the nigra specific effects mentioned above are funnelled through 
the deeper layers of the superior colliculus. This hypothesis is 
tested in the chapters 4 and 5. 
Finally, a start is made with analysing the putative role of the 
deeper layers of the superior colliculus in the expression of 
"switching arbitrarily", a caudate specific effect (chapter 7). 
In chapter 9 present-day hypotheses about mechanisms underlying 
non-externally guided targeting movements of the eyes are dis-
cussed in order to provide a framework for the design of electro-
physiological experiments required to elucidate the possible 
mechanisms underlying the behavioural phenomena described in the 
chapters 3 up to 8, i.e. non-externally guided targeting 
movements in which other parts of the body than the eyes are 
involved. 
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CHAPTER 1 
ANATOMICAL CONNECTIONS OF THE 
DEEPER LAYERS OF THE SUPERIOR COLLICULUS. 
1.1 THE DEEPER AND SUPERFICIAL COLLICULAR LAYERS 
The optic tectum is the homologue of the mammalian superior 
colliculus and the primary central visual structure in non-
mammalian species. The study of the specific contributions of 
the superior colliculus to normal visual behaviour in mammals has 
been an intriguing and complex task and one that is far from 
completed. 
By far the most striking cytoarchitectural feature of the 
mammalian superior colliculus is the presence of alternating 
fibrous and cellular laminae. These layers run approximately 
parallel to the collicular surface. The laminar arrangement of 
the colliculus, which is remarkably similar in most mammals, has 
great bearing on its connectional organization and has therefore 
been the subject of several meticulous investigations (52, 115, 
200, 202). For the purposes of this thesis, a brief description 
of the normal morphology in one species, i.e. the cat is 
appropriate. 
Immediately ventral to the pia is the stratum zonale (SZ; lamina 
1). This layer does not reach the rostral pole of the col-
liculus. This lamina consists of two sublaminae; the dorsal-
most portion consists primarily of small myelinated axons that 
course parallel to the surface. The ventral sublamina is 
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composed of small neuronal cell bodies (106). 
The stratum griseum superficiale (SGS; lamina 2) is divided into 
three sublaminae (115); the SGS1 lies directly beneath the SZ 
and contains few cells. The neurons of SGS1 are small and their 
dendrites are often bushy. The dendritic trees of these small 
cells are limited to this region. In the SGS2 and SGS3, cells 
are larger than those in the upper SGS. In the cat these neurons 
vary in size and shape and possess dendrites that vary in their 
branching patterns. Moreover, the dendrites of these neurons 
spread in the horizontal or vertical planes (106). 
The stratum opticum (SO; lamina 3) consists primarily of 
afferent and efferent collicular fibers with few neurons inter­
spersed among them (115). 
There are two intermediate collicular layers: the stratum 
griseum intermediale (SGI; lamina 4) and stratum album inter­
mediale (SAI; lamina 5). The SGI is the largest collicular 
layer in the dorsal-ventral dimension. This lamina is formed by 
neurons of all sizes: in contrast the SAI is mostly fibrous but 
does have small and medium sized neurons as well. 
The stratum griseum profundum (SGP; lamina 6) and stratum album 
profundum (SAP; lamina 7) form the most ventral tectal layers. 
The SGP is composed of loosely packed neurons of all sizes 
intermingled with fibers. The SAP, being adjacent to the 
periaqueductal gray, is predominantly composed of fibers (52, 88, 
106, 202). 
The intermediate and deep layers (laminae 4, 5, б and 7, to be 
called the "deeper" collicular layers) differ considerably from 
the superficial layers (laminae 1, 2, and 3). 
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1. MORPHOLOGICAL CHARACTERISTICS 
Superficial layers have cells with short, dendrites (52, 106, 
139). This dendritic configuration contrasts with the more ex­
tensive dendrites of deeper collicular cells (52). Addi­
tionally, cells within the superficial layers are more homo­
geneous with respect to size than the intermediate and deep 
tectal neurons (52). Moreover, the rich mixture of cells and 
interlacing axons, so apparent in the deep and intermediate 
layers, is conspicuously absent in the superficial layers (52). 
2. PHYSIOLOGICAL DIFFERENCES 
The physiological properties of the superficial collicular layers 
also contrast with those of the deep and intermediate layers. 
Unlike the multimodal neurons of the deeper layers, superficial 
layer cells respond only to visual stimuli (204). Furthermore 
their receptive fields are smaller and better defined than those 
of deeper layer neurons, and they are less likely to attenuate 
with repetitive stimuli (210). Moreover, in the deeper layers 
but not in the superficial laminae there is evidence of a motor 
map (1Θ5, 193). 
3. CONSEQUENCES RESULTING FROM LESIONS 
There is a superficial-deeper layer distinction based on the 
different behavioural consequences resulting from lesions res­
tricted to superficial laminae and those involving the deep and 
intermediate layers as well (28, 88). 
For an extensive description of behavioural effects resulting 
from ablation of the deeper layers of the superior colliculus see 
chapter 2. 
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4. AFFERENT AND EFFERENT CONNECTIONS 
The afferent and efferent connections of the superficial layers 
are also strikingly different from those of the intermediate and 
deep layers: superficially located collicular neurons maintain 
afferent and efferent connections with structures that can be 
classified as primarily visual (51, 66, 74, 88, 217). In 
contrast, cells located within the intermediate and deep layers 
of the superior colliculus are linked with structures that are 
associated with vision, audition, somatosensation and nuclei that 
are involved in the execution of movements (see below). 
Moreover, no hard evidence exists for synaptic interconnections 
between superficial and deeper, i.e. intermediate and deep, 
layers. 
Recently, Mooney etal. (159) have identified cells with somata 
in laminae ventral to the stratum opticum that have dendrites ex­
tending into the superficial layers (SGS and SO). 
On the other hand, Edwards (52) has not been able to demonstrate 
that the deeper layers project to the superficial layers. 
With respect to possible projections from the superficial layers 
to the deeper layers the findings are also equivocal: Grantyn 
etal. (77, 78), using the intracellular HRP method, have labeled 
neurons in the kitten SGS with axons passing into the deeper 
layers. 
Sprague (202) has noted that lesions in the outer part of the 
stratum griseum superficiale produce axonal degeneration in lower 
parts of this layer and in the deeper collicular layers. 
Experiments executed by Edwards (52) have also provided evidence 
of superficial layer axons in the deeper layers of the superior 
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colliculus. Additionally however, these experiments have re-
vealed that these axons do not terminate in the intermediate and 
deep layers. In autoradiographic tracing experiments it has been 
found that, when labeled amino acid is injected into the stratum 
griseum superficiale, labeled axon segments are present ventral 
to the injection site and extend through the stratum griseum 
intermediale. Thereupon however, the axons leave the col-
liculus to terminate within the parabigeminal nucleus. 
The above mentioned differences in conjunction with the equivocal 
findings for synaptic interconnections between the superficial 
and deeper layers, i.e. laminae 4, 5, 6 and 7, demonstrate that 
the deeper layers differ considerable from the superficial 
layers. Edwards (52) even goes that far as to suggest that the 
deeper and superficial layers are not two distinct divisions of 
the same structure, i.e. the superior colliculus. Instead, he 
considers the deeper layers part of the reticular formation 
whereas the superficial laminae, i.e. the layers dorsal to the 
stratum griseum intermediale, are conceived as superior col-
liculus. 
In the present chapter only the connectivity of the deeper cell 
layers of the mammalian superior colliculus (dl-SC) will be 
discussed as far as it concerns the anatomical underpinning of 
the behavioural data to be presented in this thesis. 
1.2 AFFERENT PROJECTIONS 
Neurons located within the intermediate (SGI and SAI) and deep 
(SGP and SAP) collicular laminae receive afférents from a large 
number of highly diverse sources. 
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1.2.1 CORTICAL AFFERENTS 
Cortical inputs to the dl-SC originate in the frontal eye fields, 
prefrontal cortex, parietal cortex, temporale lobe and occipital 
lobe. In general, only sparse projections are received from 
primary sensory and motor regions: most inputs are from cortical 
association areas (63, 66, 106, 199, 200, 239). 
The majority of cortical input to the intermediate and deep 
collicular laminae is uncrossed (29, 122), but contralateral 
projections have been shown to arise from certain cortical 
regions of the cat (7, 174). Retrograde transport studies have 
shown that corticotectal cells occupy lamina 5 and are especially 
located in the ventral part of that layer (63, 92, 120, 122, 200, 
219, 221). 
Anterograde studies have provided details regarding the 
distribution of the corticotectal axons. In the dl-SC dis-
continuities in the terminal zones of cortical afférents have 
been observed. Many of the corticotectal projections to the SGI 
form patches. For instance, axons arising from cells in the 
frontal eye fields of the monkey (136, 137, 141) and from the 
prefrontal cortex of both rats and monkeys distribute ipsi-
laterally to the SGI in a patch-like fashion and more sparsely to 
the SGP (9, 71, 138). In the cat axons of the presylvian 
cortical region, which is considered to be a homologue of the 
frontal eye fields, terminate in clusters on the ipsilateral side 
in the intermediate gray layer (109). 
One region of the cerebral cortex in the cat that contains an 
especially large number of corticocollicular cells is the cortex 
of the anterior ectosylvian sulcus (38, 39, 68, 106, 122, 200, 
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206, 219). Axons of cells within this area end in a series of 
patches that form two tiers in the ipsilateral superior 
colliculus, one in the SGI and the other in the SGP (206). The 
anterior ectosylvian sulcus is multimodal but the auditory, 
visual and somatosensory modalities are for the most part 
segregated (37, 38, 39, 163, 206). The somatosensory 
representation has been termed the fourth cortical somatosensory 
area (38, 39, 206). It has been shown that somatosensory cells 
in the anterior ectosylvian sulcus project to somatosensory cells 
in the superior colliculus in topographic fashion (206). 
The corticotectal projections from the traditional somatosensory 
(SI, S2 and S3) cortex are absent in the cat (39, 106, 122, 200, 
206). In monkeys there is no direct projection to the superior 
colliculus from the SI either (31). On the other hand, the 
absence of demonstrable corticotectal projections from SI to S3 
in the cat, does stand in contrast to the organization of 
corticotectal systems in the rodent. In rodents, a well 
organized topographic corticotectal projection from SI has been 
demonstrated (118, 237). While the somato-corticotectal pro-
jections may not be restricted to SI in rat (125), the absence of 
any obvious projection from SI to S3 in cats points to a 
fundamental species difference in the organization of 
somatosensory corticotectal systems. In absence of corticotectal 
projections originating from primary somatosensory cortex in the 
cat, the somatosensory part of the anterior ectosylvian sulcus 
(S4) is suggested to be the major source of descending 
somatosensory cortical input to the superior colliculus (39, 106, 
200, 206). 
Recent findings in the cat have indicated that the anterior 
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ectosylvian sulcus is not the only source of somatosensory 
cortical input to the superior colliculus. Somatosensory cells 
have been shown to be present in the rostral suprasylvian sulcus 
(39, 206). It is not known whether this region contains other 
sensory representations (i.e. a multimodal area). What is clear 
however, is that there is a corticotectal projection from the 
rostral suprasylvian sulcus and it is likely that the area is 
also a source of descending somatosensory information (39, 106, 
200, 206). So, there seems to be a fifth somatosensory re-
presentation, which like S4, but unlike SI to S3 is 
connectionally associated with the feline superior colliculus. 
By analogy with the corticotectal projections from the 
somatosensory areas of the cortex, in the cat the areas 17, 18 
and 19, i.e. the primary visual cortex, project only sparsely if 
at all to the dl-SC (66, 106, 119, 122, 169, 196, 200, 206, 222). 
The results obtained in the cat relate well to the findings in 
other species. In the monkey (217) and the rodents (131, 206) it 
has also been found that the areas 17, IB and 19 only very 
sparsely if at all project to dl-SC. 
Instead it has been found in cats that the visual representation 
of the anterior ectosylvian sulcus projects to the dl-SC (106, 
120). Moreover, a very heavy input to the dl-SC is from layer 5 
pyramidal cells of the posterior suprasylvian area, a cortical 
region containing visually responsive neurons (66, 119, 169, 196, 
200). The projection is diffuse and found in deeper laminae 
(layers 4, 5 and 6: see 119). In addition, the feline superior 
colliculus also receives input from the middle suprasylvian area 
(66, 119, 120, 122, 132, 196). The projection is rather broad 
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and extends deep in the superior colliculus (119). The 
Clare-Bishop area, i.e. a zone along the medial bank of the 
middle suprasylvian sulcus, being responsive to stimulation of 
the striate cortex (119, 196), has also been reported to project 
to the dl-SC in cats (119, 120, 122, 196, 219). Kawamura etal. 
(119) have reported that the fibers pass deep in the laminae 4, 5 
and 6 and end in nests of terminals (see also 110). On the basis 
of connectivity Heath and Jones (93) have defined the cortex 
along the middle and caudal suprasylvian sulcus as the lateral 
suprasylvian area. This visual cortical area also projects to 
the deeper layers of the superior colliculus in cats (122, 196, 
219). More recently the lateral suprasylvian area has been 
divided into 6 regions on the basis of electrophysiological 
findings (171). Each subdivision of the lateral suprasylvian 
area has been found to project to the deeper layers of the feline 
superior colliculus (196). Recent findings provide evidence that 
glutamate and /or aspartate is the transmitter in the cortico-
tectal projections originating from two banks of the anterior 
part of the lateral suprasylvian area, i.e. the anterolateral 
lateral suprasylvian area and the anteromedial lateral 
suprasylvian area (149). 
There are some discrepancies among findings concerning the 
corticotectal projection originating from the feline auditory 
cortex: some studies have suggested that the entire auditory 
cortex terminates in the dl-SC (66, 122, 132), whereas other 
studies have shown that the primary auditory cortex, Al, does not 
project to the deeper layers of the feline superior colliculus 
(174, 206). In addition, Paula-Barbosa and Sousa-Pinto (174) 
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have not demonstrated a projection from the auditory cortex A2 to 
the dl-SC either. The deeper layers of the cat superior 
colliculus have been found to receive input from several auditory 
cortical areas: the posterior ectosylvian auditory cortex (122, 
174, 219) and the middle ectosylvian auditory cortex (174) 
project to the ipsilateral stratum griseum profundum and to the 
stratum griseum intermediale. There is no termination in the 
contralateral superior colliculus. Besides, the suprasylvian 
fringe auditory cortex has been found to project to the deeper 
layers of the feline superior colliculus (122, 132 but see: 
174). 
Like the primary sensory cortical areas, the primary motor 
cortical areas project sparsely to the dl-SC: the pericruciate 
cortex, i.e. the primary motor region, has relatively few cells 
that project to the intermediate and deep layers compared with 
the rostral medial wall of the hemisphere, i.e. the second motor 
area (106, 200). 
Although described in this chapter in more detail for the cat, it 
can be generally stated that the dl-SC receive multimodal 
cortical input (26, 62, 63, 106, 199, 200, 239). 
Physiological findings in the dl-SC (see 1.2.2) correlate well 
with anatomical findings of polysensory cortical and subcortical 
(see 1.2.3) input. 
1.2.2 PHYSIOLOGICAL FINDINGS 
IN THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS 
Physiological investigations have revealed that in the 
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superficial laminae of the superior colliculus only visual 
stimuli elicit responses. In the stratum griseum intermediale 
and stratum album intermediale somatosensory and auditory stimuli 
are also effective in different unimodal cells. Moreover many 
cells respond to stimuli from more than one sensory modality 
(multimodal). The deep laminae are primarily non-visual. So, in 
the superior colliculus the upper strata are exclusively visual, 
the deep strata are primarily non-visual and the intermediate 
strata comprise a region of modality overlap (73, 155, 199, 200, 
203, 205, 216). 
VISUAL CELLS 
Both in cats and in other species the relative size of visual 
receptive fields increases with depth, as the incidence of visual 
cells decreases (32, 199, 200, 203, 216). Some cells in the 
deeper laminae have receptive fields that include almost the 
entire hemifield (32, 73). This dramatic increase in receptive 
field size in deeper laminae produces a much less visuotopy. 
Other characteristics of the visual cells in the dl-SC have 
emerged from electrophysiological studies in the cat and other 
species. The majority of visually responsive cells is binocular 
(73, 155, 199, 207, 216). In the deeper layers habituation is 
pronounced (147, 170, 199, 200, 205, 216): cells in the deeper 
laminae show rapid attenuation of responses to repeated 
stimulation. This has resulted in their designation as novelty 
detectors. A particular salient feature of the visual cells in 
the dl-SC is their strong preference for moving as compared to 
stationary stimuli (73, 147, 203, 207, 216). Responses are best 
to moving stimuli that are smaller than the cell's activating 
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region (155, 207). Commonly a broad range of stimulus speeds is 
tolerated (203, 216), although cells tuned for velocity have also 
been noted (146, 147, 203). In the deeper layers of the feline 
superior colliculus many cells exist that require high velocity 
stimuli for activation (73, 155, 207). Additionally, tectal 
neurons have been found to exhibit directional selectivity (73, 
155, 170, 203, 216). However, the incidence of directionally 
selective cells varies markedly among mammals and there are also 
interspecies differences in the most frequently preferred di-
rection of stimulus movement. In the cat the preferred di-
rection is usually parallel to the horizontal meridian and toward 
the periphery of the contralateral half of the visual field: 
centrifugal movement is preferred (32). Tectal cells generally 
do not respond selectively to stimulus shape (73, 199, 207), but 
the majority of cells in the deeper layers of the feline superior 
colliculus have been found to be sensitive to the spatial 
frequency of the stimulus (203). Apparently the visual cells in 
the dl-SC have sacrificed the capacity of accurate spatial 
resolution and detail analysis and seem instead to be organized 
for the rapid detection of a stimulus, its location in space and 
its direction and velocity of movement (205, 207). 
SOMATOSENSORY CELLS 
A somatotopic representation of the body is apparent in the 
deeper cells of the superior colliculus (200, 207). The 
horizontal body axis (nose-tail) is laid out along the 
rostral-caudal axis of the colliculus. The vertical body axis is 
represented along the medio-lateral axis of the colliculus. 
Interestingly, areas of magnified sensory representation are 
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relevant to seizing and manipulating (205, 207). Responses of 
somatosensory cells are best evoked by moving stimuli (73, 166, 
200) and are transient even when an effective stationary stimulus 
is maintained (205). In contrast to visual cells, direction 
selective somatosensory cells зге extremely rare; individual 
somatosensory cells appear to be well adapted to discriminating 
many of the properties of moving tactile stimuli, but not the 
direction of movement (40). Changing the stimulus shape does not 
affect the number of impulses evoked from a cell, whereas 
changing the stimulus size does (155, 207). Somatosensory cells 
have large receptive fields (200, 216). Habituation occurs when 
the same stimulus is repeated despite relatively long inter-
stimulus intervals (166, 205, 207). So, the physiological char­
acteristics of somatosensory cells, like those of visual cells, 
seem adapted to tasks such as localizing rather than detailed 
stimulus analysis (166, 205). 
AUDITORY CELLS 
At present relatively little is known about characteristics of 
the auditory representation in the superior colliculus. It has 
been reported that especially species specific sounds are potent 
stimuli for activating cells in the superior colliculus (3). 
Using complex auditory stimuli in studying the colliculus a 
topographical auditory representation has been found (73, 127, 
128, 129, 172, 200, 216). Like visual and somatosensory 
collicular cells, the auditory cells are most effectively excited 
by novel, moving stimuli (3, 73, 207) and habituate when a 
stimulus is repeatedly presented (207). Moreover, neurons 
sensitive to auditory stimuli receive contralateral excitatory 
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and ipsilateral inhibitory inputs (155, 200, 216). 
MULTIMODAL CELLS 
It is known that inputs from different sensory modalities 
converge on individual cells in many areas in the brain (cortex: 
99, 218, thalamus: 101, caudatus: 235) but, as far as 
subcortical structures are concerned, it is especially evident in 
the dl-SC (62, 73, 155, 203, 205). 
Nearly half of the cells identified in the deeper laminae are 
multisensory (155) and their activity is profoundly influenced by 
the combination of stimuli from different sensory modalities. 
Multimodal cells predominate in all areas in the dl-SC except its 
caudal most region. In the feline superior colliculus visual-
auditory cells constitute the greatest proportion of multisensory 
cells in nearly every region (155). The modality specific fea-
tures of multisensory cells can not be distinguished from those 
identified as unimodal, except for the fact that multisensory 
visual receptive fields are significantly larger than those of 
deeper laminae unimodal cells (155, 203). 
The functional consequences of multisensory convergence are 
dramatically evident when two different sensory stimuli are 
present: response enhancement and response depression result 
from multisensory convergence. Response enhancement is usually 
observed in cells that can be activated by either of the stimuli 
(i.e. one of the individual modality components of a 
multisensory stimulus) presented alone. Cells exhibiting 
response depression do so when an effective stimulus is paired 
with one having no apparent influence. In both cases 
multisensory interactions do not represent a simple sum of the 
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activity elicited by the two stimuli alone, but show a 
multiplicative relationship (155, 156, 200). 
1.2.3 SUBCORTICAL VISUAL, SOMATOSENSORY AND AUDITORY AFFERENTS 
Analyses utilizing the retrograde transport of HRP indicate that 
subcortical sources of afférents to the intermediate and deep 
collicular layers are as extensively distributed as the cortical 
areas innervating the tectum (51, 84, 184). 
In general the subcortical regions projecting to the dl-SC in the 
rat and cat are very similar (215). 
VISUAL AFFERENTS 
RETINA 
Recently (12) the distribution of a significant number of retinal 
ganglion cell axons has been mapped below the stratum opticum in 
the intermediate gray layer of the superior colliculus in the 
cat, monkey and rat: using the anterograde transport of 
horseradish peroxidase (HRP) it has been found that the deep 
retinotectal axons project to the contralateral colliculus in all 
animals used. Although in lesser numbers, the axons could be 
followed as well to the ipsilateral intermediate gray layer in 
the cat and even more so in the monkey (12). These anatomical 
results on a direct retinal projection to the deeper laminae are 
supported by electrophysiological studies: using extracellular 
single unit recording, it has been found (20) that retinal 
Y-cells exert a substantial influence on neurons of the feline 
superior colliculus lying in laminae deep to the stratum opticum. 
The results indicate that rapidly conducting retinal Y cell 
fibers provide excitatory input to the majority of deeper layer 
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cells by way of a polysynaptic pathway. Additionally, however, 
the results have confirmed two reports (144, 153) of very short 
latency excitation of deeper tectal cells following stimulation 
of the optic pathway and have suggested that this excitation may 
be mediated by retinal Y cell axons projecting directly to the 
deeper layers of the tectum. 
VENTRAL LATERAL GENICULATE NUCLEUS 
The only thalamic visual structure found to project to the dl-SC 
is the ventral lateral geniculate nucleus (48, 51, 52, 66, 87, 
121, 212, 239). Collicular projecting cells in the ventral 
lateral geniculate nucleus occupy a specific region in the stalk 
and outer portion of the cap of the nucleus (48, 51, 121). 
Anterograde autoradiography reveals that this nucleus projects 
primarily to the ipsilateral stratum griseum intermediale in both 
rat and cat and less densely to the remaining intermediate and 
deep laminae (23, 48, 212). 
PARABIGEMINAL NUCLEUS 
The parabigeminal nucleus projects specifically to the 
superficial superior colliculus: only a minute projection runs 
from this nucleus to the deeper laminae (26, 51, 79, 239). The 
origin of the parabigeminal projection to the colliculus is 
regionally organized: the rostral part of the nucleus projects 
to the contralateral colliculus and the caudal part of the 
nucleus projects to the ipsilateral colliculus (51). 
Recent findings in the mouse have shown that the parabigeminal 
nucleus, called the CH8 cell group, is a source for cholinergic 
innervation within the deeper layers of the superior colliculus 
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(164). 
POSTERIOR PRETECTAL NUCLEUS/ NUCLEUS OF THE POSTERIOR COMMISSURE 
Seven nuclei have been identified in the cat pretectum (115). 
Although evidence of a pretertal projection to the superior 
colliculus exists (19, 111), it is not yet resolved which 
pretectal subgroups project to the dl-SC; a small bilateral 
projection from the posterior pretectal nucleus to the deeper 
laminae of the superior colliculus has been reported by Edwards 
etal. (51), Edwards (52), Wurtz and Albano (239). 
The nucleus of the posterior commissure, although not generally 
included in the pretectum, is positioned directly among many of 
the conventional pretectal nuclei. The nucleus of the posterior 
commissure projects to the dl-SC (26, 51, 84, 106, 239). 
Anterograde autoradiographic analyses in the cat (103, 107) have 
revealed that this nucleus sends its axons to form a tier of 
patches within the SGI. The pathway is predominantly ipsi-
lateral, although a very sparse contralateral projection exists 
and reaches the entire medio-lateral and rostral-caudal dimension 
of the SGI. The patches formed by fibers of the nucleus of the 
posterior commissure are smaller medially than laterally. 
Compared to the patches formed by nigral or trigeminal axons (see 
below) the patches formed by the nucleus of the posterior 
commissure are much less discrete (103). Besides input to the 
SGI, the nucleus of the posterior commissure also provides input 
to the SGP and SAP. 
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SOMATOSENSORY AFFERENTS 
TRIGEMINAL COMPLEX 
Several subnuclei composing the trigeminal complex (209), have 
been found to project to the dl-SC (26, 51, 52, 64, 102, 106, 
125, 166, 200, 209, 232, 239). 
Autoradiographic analyses in the cat have revealed that the 
trigemino-collicular projection 1. is primarily contralateral, 
2. reaches only the rostral 60-70% of the colliculus and 3. 
terminates in a discontinuous patch-like tier within the middle 
of the dorsal-ventral axis of the stratum griseum intermediale 
and stratum griseum profundum (102, 106, 107). The patches are 
smaller medially than laterally and tend to align to form 
longitudinal bands (102, 106). 
LATERAL CERVICAL NUCLEUS/ DORSAL COLOMN NUCLEI/ SPINAL CORD 
Additionally, the lateral cervical nucleus and the dorsal colomn 
nuclei have been found to project to the contralateral 
intermediate and deep superior colliculus (18, 21, 51, 52, 57, 
232, 239). As for so many other projections to the dl-SC the 
axons from these nuclei form a series of patches in the deeper 
layers of the contralateral superior colliculus (21, 106). 
The dl-SC also receive input from the spinal cord (22, 51, 106, 
231, 232): the spinotectal projection in the cat is smaller than 
in the rat (22). 
AUDITORY AFFERENTS 
INFERIOR COLLICULUS 
The inferior colliculus consists of 3 nuclei; the central, the 
external and the pericentral nucleus (47, 134). In the cat the 
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central nucleus is further divided into a dorsomedial and a 
ventrolateral part on the basis of cellular structure and fiber 
connections (133, 134, 1B6). 
The external nucleus of the inferior colliculus projects to the 
caudal half of the ipsilateral side of the dl-SC (47, 134, 200, 
239). Additionally it has been shown that the pericentral 
nucleus of the inferior colliculus (200, 239) and the ventro-
lateral part of the central nucleus of the inferior colliculus 
(134) send fibers to the dl-SC. 
Projections from diverse subnuclei of the inferior colliculus to 
the dl-SC have also been reported by Cadusseau and Roger (26), 
Edwards etal. (51), Edwards (52), Grofova etal. (84), Huerta 
and Halting (106). 
Moreover, auditory related structures like the DORSOMEDIAL 
PERIOLIVARY NUCLEUS, NUCLEUS SAGULUM, NUCLEUS OF THE BRACHIUM OF 
THE INFERIOR COLLICULUS and the AREA MEDIAL TO MEDIAL NUCLEUS OF 
THE TRAPEZOID BODY have been reported to project to the dl-SC 
(51, 52, 200, 239). 
NUCLEUS OF THE LATERAL LEMNISCUS 
The nucleus of the lateral lemniscus has been reported to send 
projections to the ipsilateral caudal part of the dl-SC (26, 135, 
106). 
Although there is a general agreement with respect to the 
existence of connections from the nucleus of the lateral 
lemniscus to the dl-SC, there is substantial disagreement in the 
description of the origin of projections from this nucleus to the 
superior colliculus: the origin of the projection has been 
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traced to the ventral nucleus of the lateral lemniscus by Edwards 
etal. (cat: 51). These results contradict the findings of 
Druga and Syka (rat: 47), Kudo (cat: 135) and Tanaka etal. 
(rat: 214). These authors have found that the projections to 
the dl-SC predominantly originate in the dorsal nucleus of the 
lateral lemniscus: any projection from the ventral part of this 
structure has been denied. 
1.2.4 SUBCORTICAL AFFERENTS: NIGRO-TECTAL PROJECTION 
The substantia nigra is composed of three different entities: 
The substantia nigra pars compacta, the substantia nigra pars 
lateralis and the substantia nigra pars reticulata (150, see also 
chapter 2). The latter two parts (substantia nigra pars 
lateralis and substantia nigra pars reticulata; SNR) project to 
the dl-SC (60, 150). 
In view of the fact that the interrelationship of the dl-SC and 
the SNR in programming movements is subject of many inves­
tigations composing the present thesis (see chapters 3, 4, 5 and 
Θ) the monosynaptic projection from the SNR to the dl-SC (45, 
116, 234) will be described in more detail. 
It has been found that especially neurons in the rostral (monkey: 
112, squirrel: 150, hamster: 179, cat: 80, rat: 55, 67, 85) 
lateral (monkey: 60), ventral (cat: 80, rat: 17, 234, monkey: 
60) part of the SNR project to the dl-SC. In the cat and rat, 
however, cells projecting to the dl-SC have been found throughout 
the medio-lateral expanse of the SNR (11). This projection is 
almost entirely ipsilateral, although a weak contralateral 
projection exists (cat: 80, 98, 150, 184, rat: 98, 215, 234, 
hamster: 179, monkey: 60, 98, squirrel: 150). Anterograde 
25 
analyses in the cat and monkey have shown that the SNR projects 
primarily to the caudal two thirds of the SGI (80, 112). The 
nigrotectal axons reach the SGI by traveling through the medial 
lemniscus and transversing the deep collicular laminae (cat: 60, 
monkey: 112, rat: 10). Within the SGI these axons ramify to 
form patches across the medial-lateral extent of this layer, but 
terminations have been described as being "most numerous" 
laterally (80, 107, 108, 112, 179). 
The patches formed by nigral axons in the rat comprise two tiers, 
one located near the dorsal border of the SGI and a more 
extensive one located more deeply (10, 106). In the monkey the 
nigrotectal patches span the dorsal-ventral extent of the SGI 
(112), whereas in the cat these patches are only present along 
the dorsal border of this layer (80). In the cat it has also 
been shown that these patches, being 300 to 500 urn wide, align to 
form bands oriented rostral- caudally (80, 107). 
In the intermediate gray layer acetylcholinesterase (AChE) has 
been found to be organized in a cluster and sheet pattern (81, 
82, 188, 190, 225, 226, 227, 228, 233). 
In the feline intermediate gray layer an unambiguous 
correspondence has been observed between the nigrotectal patches 
mentioned above and the patches of AChE staining (109). 
Moreover, not only nigrotectal fibers but also frontotectal 
afférents have been found to project on the AChE positive patches 
in the intermediate gray layer of the feline superior colliculus 
(109). So, in the cat the nigrotectal and frontotectal afférents 
occupy the same compartment within the intermediate depth tier of 
the superior colliculus. In line with these anatomical findings, 
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physiological studies have demonstrated the existence of a 
convergence of frontocortical and nigral projections onto single 
neurons of the dl-SC (116). 
The SNR exerts a potent inhibitory influence on the collicular 
neurons (cat: 116, rat: 33, 34, 36, 44, 45, review: 27, 130) 
through the release of GABA (cat: 149, rat: 6, 33, 46, 58, 59, 
154, 192, 224, review: 27, 53, 65, 130). 
Electrophysiological and anatomical studies have demonstrated 
that a significant portion of the neurons in the SNR that project 
to the dl-SC do so via bifurcating axons that also reach the 
thalamus (cat: 5, rat: 17, 85, 234, monkey: 60). 
1.2.5 REMAINING SUBCOHTICAL AFFERENTS 
Besides those tectopetal projections already discussed, 
investigations have demonstrated that the dl-SC receive afférents 
from many other subcortical structures. Many of them, like those 
described above, distribute their axons to form a tier of patches 
(see below). 
A complete list of all the subcortical afférents as presented by 
Edwards etal. (51) in their comprehensive retrograde analysis of 
subcortical collicular afférents in the cat is shown in Table 
1.1. This Table also contains a list of neurotransmitters that 
are identified in the tectopetal projections. 
HYPOTHALAMUS 
In the rat (26, 100, 215) and cat (51, 69, 84, 106, 183, 220) 
several hypothalamic areas contain cells that send their axons 
ipsilateral to the dl-SC. 
Recent findings in the rat have suggested that glutamate and/or 
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aspartate is the neurotransmitter in hypothalamic-tectal fibers 
(148, 149). 
The hypothalamic input to the feline superior colliculus which is 
heaviest in the SGI and less conspicuous in the SGF (106, 183) is 
present from the rostral pole t"n the caudal pole (106). The 
hypothalamic axons in the cat have been found to ramify in 
patches (106, 107, 183). Previous studies have reported that 
these patches are located both at the ventral border of the 
lateral SGI and at the medial limit of the SGI. Additionally, 
patches have been found at the dorsal SGI boundary and in the SGP 
(90, 106). Recent studies, however, have suggested that the 
clustered pattern of the hypothalamic projections, being located 
at the dorsal border and ventral border of the SGI is found 
throughout the medial-lateral extent of the SGI (183). 
ZONA INCERTA 
Both in the rat (26, 106, 187, 229) in the cat (51, 106, 183) it 
has been found that the ventral part of the zona incerta projects 
ipsilaterally to the dl-SC. In both species the incertotectal 
projection is topographically organized (cat: 183, 220, rat: 
229) such that the medial portion of the zona incerta projects to 
the lateral portion of the superior colliculus and the lateral 
zona incerta projects to the medial portion of the superior 
colliculus. 
In the rat the incertotectal fibers form a series of patches that 
are large laterally and small medially (106, 182, 229). In 
contrast, however, in the cat it has been found that input from 
the zona incerta to the dl-SC is not arranged in a modular 
pattern (183). 
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Moreover, in the rat the incertotectal projection is GABA-ergic 
(6). 
CEREBELLUM 
Deep nuclei in the cerebellum have been shown to project to the 
dl-SC in a variety of mammals (rat: 26, 51, 54, 96, 123, 211), 
monkey: Θ, squirrel: 151), but there is controversary regarding 
the relative contribution of these nuclei (96, 123, 211, 223). 
In the cat, the cerebellum projects to both the intermediate and 
deep laminae of the superior colliculus. In the rat, however, 
these projections are confined to the deep gray layer of the 
superior colliculus (54, 96, 123, 211). Anterograde transport 
studies have demonstrated that the cerebello-collicular pro­
jection ramifies to form patches in the dl-SC (123, 151, 211, 
223). 
In summary, the intermediate and deep layers of the mammalian 
superior colliculus receive afferent information from cells 
distributed throughout the neuraxis from the prefrontal cortex to 
the spinal cord. The afferent fibers are limited in their 
dorsal-ventral and medial-lateral distribution within a given 
lamina. Specifically, many afférents form patches in the deeper 
laminae which (when viewed in frontal section) occupy specific 
dorsal-ventral regions of a layer. In some instances the patches 
have been shown to align into rostral-caudal bands. So, these 
afférents subdivide the deeper laminae into restricted dorsal-
ventral and medial-lateral compartments. Recently, these 
connectionally defined compartments have been called "afferent 
modules" (106). 
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1.3 COMMISSURAL PROJECTION 
Cells within the stratum opticum, the stratum griseum 
intermediale and stratum griseum profundum of the rostral one 
half of the superior colliculus send fibers to the contralateral 
colliculus (4, 13, 49, 51, 74, 89, 113, 144, 145, 1Θ0). In 
general these fibers travel in the album profundum, and branches 
leave at approximately right angles to ascend into the in­
termediate gray layer throughout the mediolateral extent of the 
rostral half of the contralateral colliculus (13, 49). The 
commissural collicular pathway is organized in a mirror symmetric 
fashion (13, 49, 51, 56, 106): lateral collicular HRP injections 
have been found to label cells in the lateral part of the 
contralateral superior colliculus. Moreover, tritiated leucine 
deposits have been found to produce contralateral labeling that 
is for the most part symmetrical with the injection site (56). 
With the help of intracellular recording techniques, it has been 
shown that monosynaptic inhibition occurs in superior colliculus 
neurons following stimulation of the contralateral colliculus 
(144, 160). Support for inhibitory intertectal interactions has 
also been provided by Goodale (72) reporting that in the rat 
destruction of one superior colliculus produces an increase in 
the amplitude of visual evoked potentials recorded in the 
remaining colliculus. 
Recent investigations in the hamster (180) have indicated that 
the commissural axons send collaterals to the contralateral and 
ipsilateral superior colliculus. In this way a given commissural 
neuron may innervate not only corresponding (see above), but also 
multiple non-corresponding collicular loci (see also; 49). 
TABLE 1.1 
SUMMARY OF PROJECTIONS TO THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS 
SUBCORTICAL SOURCES LATERALITY 
Ipsi contra 
TRANSMITTERS 
DIENCEPHALON 
zona incerta +++ 
reticular nucleus of the thalamus + 
ventral lateral geniculate nucleus + 
PRETECTAL AREA 
nucleus of the posterior commissure +++ 
anterior pretectal nucl. p. retic. ++ 
posterior pretectal nucleus + 
MIDBRAIN AND ISTHMUS REGION 
contralateral superior colliculus + 
cuneiform nucleus 
subcuneiform nucleus + 
substantia nigra p. reticularis +++ 
parabigeminal nucleus +++ 
peri-parabigeminal area ++ 
paralemnls. area med. to med. lemn. + 
nucl. of brach, of infer, collie. 
inferior colliculus, ext. nucl. ++ 
inferior colliculus, pericentr. ГШСІ.+ 
nucleus sagulum + 
locus coeruleus +++ 
raphe dorsalis + 
lateral parabrachial nucleus ++ 
rat GABA (6) 
rat ACh· (97,197) 
rat, cat GABA (see 1.2.4) 
mouse ACh (164) 
rat NA (142,213) 
rat 5HT (14,173) 
rat ACh** (16) 
FONS 
nucl. ponti s caudalis and oralis + 
reticulotegmental nucleus + 
area dorsolat. to reticulotegm. nucl.+ 
ventral nucleus of lateral lemniscus + 
dorsomedial penolivary nucleus ++ 
area med. to med. nucl. of trap. body++ 
principal sensory trigeminal nucleus 
alaminar spin, tngem. nucl. magnocel 
alaminar spin, trigem. nucl. parvocel 
laminar spinal trigeminal nucleus 
CEREBELLUM 
nucleus nedialis + 
nucleus interpositus 
nucleus lateralis 
rat ACh (16,164,191,236,236) 
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SUBCORTICAL SOURCES LATERALITY 
ipsi contra 
TRANSMITTERS 
MEDULLA 
nucleus gigantocellularis 
nucleus paragigantocellularis 
medial vestibular nucleus 
perihypoglossal nuclei 
cunéate nucleus 
gracile nucleus 
SPINAL CORD 
lateral cervical nucleus 
C1-C5 layer4 
later. 
+ 
+ 
+ 
+ 
++ 
+ 
++ 
++ 
+ 
++ 
+ 
FOOTNOTES 
* Since some studies have not identified cholinergic perikarya in 
the cuneiform nucleus (42, 126, 236), previously, (42) the 
existence of a cholinergic tectopetal projection originating in 
this area has been denied. Other investigators, however, have 
identified cholinergic neurons in the cuneiform nucleus (157, 
19Θ, 201). In fact the terminology applied to nuclei in the 
pontomesencephalic region is confusing: different investi­
gators have implied the term "cuneiform nucleus" to both ex­
tensive and more restricted reaches of the mammalian brain­
stem (for review see; 236). This inconsistency might have 
contributed to the equivocal findings regarding the cholinergic 
projection from the cuneiform nucleus to the superior 
colliculus. 
**The area labeled as lateral parabrachial nucleus by Edwards 
etal. (51; cat) is identical with the region termed pedúnculo 
pontine tegmental nucleus by Beninato and Spencer (16; rat); 
see Beninato and Spencer (16) pp. 535. In the mouse and rat, 
neurons in the pedúnculo pontine tegmental nucleus are sources 
of cholinergic fibers to the dl-SC (16, 164, 191, 236, 238). 
The number of +'s express the relative density of the projection 
(for details see Edwards etal. (51)). 
The right hand colomn represents the neurotransmitters identified 
in the tectopetal projections: abbreviations; GABA-gamma amino 
butyric acid, ACh» acetylcholine, 5HT-serotonin, NA-noradre-
naline. 
The numbers in parentheses in the right hand colomn refer to the 
references. 
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1.4 EFFERENT PROJECTIONS 
There are two major descending tectofugal pathways, i.e. the 
ipsilateral tectopontine- or tectobulbar tract and the contra­
lateral tectospinal tract or predorsal bundle. Moreover, there 
is an ascending tectofugal pathway. 
1.4.1 THE PREDORSAL BUNDLE 
The cells in the dl-SC that project into the contralateral 
predorsal bundle are particularly concentrated in the lateral 
half of the superior colliculus (35, 104, 165, 175, 176, 17Θ, 
181). In the monkey the SGI and SGP have equal numbers of 
tectospinal neurons (30, 43). In the cat and rat, however, the 
majority of tectospinal neurons occupy the SGI (35, 104, 165, 
175, 176). 
The cells of origin of the tectospinal tract are clumped together 
within the deeper laminae. These clusters are larger (contain 
more cells) laterally than medially (30, 43, 104, 105, 106, 165, 
230) and lie primarily within the ventral half of the SGI (107). 
The descending predorsal bundle passes ventrally along the border 
of the periaqueductal gray, crosses the midline in the dorsal 
tegmental decussation and then immediately turns caudally (4, 
104, 177, 208). As this bundle descends, a large number of axons 
dive into the nucleus reticularis tegmenti pontis (74, 89, 104, 
106, 177, 200, 208). This projection site is thought to be 
controlling eye movements (200): neurons in the nucleus 
reticularis tegmenti pontis are observed displaying a burst of 
activity associated with saccades of particular directions and 
amplitudes (124) . 
Scattered axons exit the tectospinal tract dorsal to the nucleus 
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reticularis tegmenti pontis and pass into the medial portion of 
the nucleus reticularis pontis oralis (Θ9, 104, 106, 107, 199). 
Moreover, caudal to the nucleus reticularis tegmenti pontis, 
axons pass into the nucleus reticularis pontis oralis lying 
between the predorsal bundle and the medial longitudinal 
fasciculus. This zone composes part of what is commonly called 
the paramedian pontine reticular formation (24, 70, 69). This 
region is involved in the generation of horizontal saccades (24, 
70, 76, 89, 200). 
Further caudally, the axons continue into the nucleus reticularis 
pontis caudalis, which replaces the nucleus reticularis pontis 
oralis at approximately midlevels of the motor nucleus of the 
trigeminal (50, Θ9, 104, 107). 
The dl-SC also significantly project to the spinal trigeminal 
nucleus (104, 105). The tectotrigeminal cells occur in clusters 
in the contralateral superior colliculus (104, 105, 106). In the 
cat, but not in the rat these patches of tectotrigeminal cells 
are situated near the patches of trigeminal afférents to the 
dl-SC (1.2.3). In other words, the cells of origin of the 
tectotrigeminal pathway in the cat have a spatial relationship 
with patches of trigemino-collicular axons in the SGI (106, 107). 
The predorsal bundle then courses caudally into the rostral 
medullary reticular formation where it is distributed throughout 
the nucleus reticularis gigantocellularis (50, 104, 195). 
Fibers have also been found in a region ventral to the abducens 
nucleus (50, 89, 106, 199). Axons sparsely project to the 
confines of the abducens nucleus itself as well (50, 52, 104, 
106, 107, 140). 
Caudally of the inferior olivary complex, axons of the predorsal 
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bundle densely project to the medial accessory division of the 
inferior olivary nucleus (74, 104, 105, 106, 107, 177, 208). 
Previously it has been shovm that the cells which give rise to 
the tecto olivary pathway occur in clusters in the SGI (106, 
1Θ9). In the cat these clusters are located close to the dorsal, 
lateral, ventral borders of the SGI (106, 107). The tec-
to-olivary projection is part of a circuit by which the dl-SC 
gain access to specific parts of the cerebellum (20Θ): lateral 
neurons in the tecto recipient zone of the subnucleus С of the 
medial accessory division of the inferior olivary nucleus project 
to crus 2, whereas medial neurons project to the lobule 7 of the 
posterior vermis (1, 2, 114). 
More caudally in the medulla, the supraspinal nucleus receives 
collicular input (104, 105, 106). This region is suggested to be 
important in mediating movements of the head (106, 200). The 
supraspinal nucleus projects specifically to the first 5 cervical 
spinal cord segments (43) and terminates in laminae 8 and 9 
(105). 
Axons arising from neurons in the dl-SC also project to the first 
5 cervical spinal cord segments (4, 52, 89, 104, 105, 106, 178, 
200), but tectal input projects upon laminae 6, 7, 8 and 9 (105, 
106). Several studies have found topographical relations between 
the dl-SC and the spinal cord: collicular neurons projecting to 
the rostral cervical levels occupy the anterior parts of the 
colliculus, whereas cells that project to the cervical 
enlargement lie in the posterior part of the colliculus (43, 104, 
106, 165, 178). Recently, it has been suggested that the rostral 
part of the spinal cord mediates head movements, whereas the 
caudal part is involved in the mediation of trunk and forelimb 
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movements (43, 106). 
1.4.2 THE TECTOPONTINE TRACT 
In addition to the contralateral tectospinal tract (predorsal 
bundle: 1.4.1) an ipsilateral ttact (tectobulbar or tectopontine 
tract) courses laterally and ventrally from the colliculus (4, 
89, 104, 106, 177, 200). 
Rostrally axons leave this ipsilateral bundle to terminate within 
the parabigeminal nucleus (52, Θ9, 104, 106, 177, 199, 200, 208). 
Other axons continue to course ventrally where a substantial 
number ends within that region of the mesencephalic reticular 
formation which lies medial to the parabigeminal nucleus (4, 41, 
89, 107, 177). 
Axons that continue caudally and ventrally terminate within the 
perilemniscal region of the lateral pontine tegmentum (4, 52, 89, 
94, 95, 208). This region projects to a specific cell group of 
the motor facial nucleus that innervates the pinna (94, 106, 200, 
208). 
A large number of axons coursing within the ipsilateral bundle 
ends quite profusely within the dorsal lateral pontine gray (4, 
74, 89, 104, 107, 208). This area like the medial accessory 
division of the inferior olivary nucleus (see 1.4.1) and the 
nucleus reticularis tegmenti pontis projects to the vermal area 
of the cerebellum (61, 106, 208). So, there are several pathways 
through which deep tectal information can pass from the 
colliculus to the vermal visual area. 
Axons coursing within the tectopontine tract also end within the 
rostral pontine reticular formation. Projections have been found 
especially in the dorsolateral wing of the nucleus reticularis 
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tegmenti pontis. Moreover, an extensive region of the nucleus 
reticularis pontis oralis, the origin of reticulospinal fibers 
(106) receives input from the ipsilateral descending tract (89, 
104, 107, 208). 
Other brainstem regions that receive ipsilateral tectofugal 
projections are the capsule of the inferior colliculus (89, 106, 
107, 177) and the cuneiform nucleus (74, 89, 94, 104, 107, 168). 
The cuneiform nucleus receives a heavy projection from the 
superior colliculus: extensive input has been found in the 
caudal part of this nucleus, whereas the rostral pole of the 
cuneiform nucleus contains only sparse termination (104). 
Recently it has been shown that the collicular-cuneiform pro-
jection is at least partly independent of other collicular output 
pathways. Double-labelling studies have shown that less that 10% 
of the cells of origin send collaterals either into the 
contralateral descending pathway, or to the ipsilateral pontine 
nuclei (158). 
In summary, the descending projections of the neurons of the 
dl-SC enable this structure to influence extensive regions of the 
neuraxis. Many of the projection sites are involved in eye, 
pinna, head, limb or trunk movements (see 1.4.1 and 1.4.2). 
1.4.3 THE ASCENDING TECTOFUGAL TRACT 
The cells of origin of the ascending tectofugal axons reside both 
in the SGI and in the SGP, but they are predominantly located in 
the SGI. These cells occur in clusters and are located in 
particular dorsal-ventral regions of a particular lamina (75, 
106, 240). Moreover, in the rat and cat tectospinal neurons have 
been found to send ascending collaterals to the diencephalon (35, 
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161, 176). 
The targets of the ascending tectofugal fibers are quite numerous 
and include both motor and sensory nuclei which are almost 
excusively located on the ipsilateral side (4, 89, 106, 107). 
The termination sites of the ascending fibers will not be 
discussed in detail: an extensive list of destinations of the 
ascending tectofugal fibers as described by Huerta and Harting 
(107) is presented in Table 1.2. 
Briefly, axons of neurons in the deeper laminae terminate within 
several dorsal thalamic nuclei (74, 91, 161) which in turn 
project upon cortical areas θ (frontal eye fields) and 7 
(inferior parietal lobe) (91, 106, 200) that are involved in eye 
movements (91, 152, 162, 167, 194). The projections to the 
thalamic nuclei are topographic: the deeper anterior colliculus 
projects to the posterior thalamic nuclei, whereas the deeper 
posterior colliculus projects to anterior areas of the same 
thalamic nuclei (15, 199). 
In addition, the ascending tectofugal fibers project to many 
other subcortical regions (4, 52, 74, 91, 106, 107, 200, 240; 
see also Table 1.2). Some of these termination sites, like the 
Edinger-Wesphal-supraoculoraotor complex, the nucleus of the pos­
terior commissure, the interstitial nucleus of Cajal and the ros­
tral interstitial nucleus of the medial longitudinal fasciculus 
are involved in mechanisms related to the generation of eye 
movements (24, 25, 143, see also; 107). 
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TABLE 1.2 
LIST OF DESTINATIONS OF THE ASCENDING TECTOFUGAL TRACT 
(as described by Huerta and Harting (107)) 
TERMINATION SITES 
DIENCEPHALON 
optic tract 
central latocellular nucleus 
central densocellular nucleus 
ventral anterior nucleus 
ventral anterior nucleus magnocellular part 
ventral lateral nucleus 
lateral hypothalamic area 
dorsal hypothalamic area 
external medullary lamina 
nucleus reuniens 
central superior nucleus 
paracentral nucleus 
zona incerta 
rostral interstitial nucl. of medial longitudinal fasciculus 
lateral dorsal nucleus 
mediodorsal nucleus paralamellar parts 
central lateral nucleus 
parafascicular nucleus 
oral pulvinar 
lateral posterior nucleus 
medial pulvinar 
lateral pulvinar 
suprageniculate-limitans complex 
MESENCEPHALON 
nucleus of the posterior commissure 
interstitial nucleus of Cajal 
supraoculomotor zone 
Edinger-Westphal nucleus 
central gray 
mesencephalic reticular formation 
1.5 CONNECTIONAL ORGANIZATION IN THE DEEPER LAMINAE 
OF THE SUPERIOR COLLICULUS: "CLUSTERING" 
As described in the preceding paragraphs, the dl-SC have 
distinguishing features of connectional organization. Afferent 
fibers are quite restricted in their distribution within a given 
deeper lamina. The innervating fibers are usually limited to 
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specific parts of the dorsal-ventral extents. The afférents do 
not form continuous sheets across the medial-lateral expanse of 
the laminae, but they are distributed discontinuously in the 
medial-lateral dimension. In other words, they form a series of 
patches, subdividing the deeper layers into restricted 
medial-lateral and dorsal-ventral compartments. These sub-
divisions have been called "afferent modules" (106). 
Recently it has been shown that several histochemical markers, 
i.e. enkephalin (83), cytochrome oxidase, i.e. a mitochondrial 
marker of oxidative metabolism (190, 227, 228, 233) hexokinase, a 
glycolytic enzyme (190, 225), NADPH, (nicotinamide adenine 
dinucleotide phosphate) diaphorase (226) and acetylcholinesterase 
(AChE; 81, 82, 188, 190, 225, 226, 227, 228, 233) have a cluster 
and sheet organization in the intermediate gray layer. It has 
been suggested that the AChE enzyme distribution is related to 
external cholinergic innervation of the deeper layers (188) since 
no cholinergic neurons have been found in the superior colliculus 
(16, 42, 58, 117). 
Recently a spatial relationship has been discovered between 
various afferent modules and patches of AChE activity; as 
described above (see 1.2.4), in the cat the nigrotectal and 
frontotectal fibers occupy the AChE rich compartments in the 
deeper laminae. In contrast, three afferent systems providing 
the deeper layers with sensory information, i.e. fibers from the 
Clare-Bishop area (see 1.2.1), the Si (see 1.2.1) and the 
trigeminal complex (see 1.2.3) are located within the AChE poor 
fields of the intermediate gray layer (110). 
Analogous to the patches of afferent fibers which have been 
called "afferent modules", clustered cells of origin of efferent 
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projections have been termed "efferent modules" (106). As 
mentioned in the preceding paragraphs, efferent modules are 
sometimes as discretely organized as afferent modules. Besides, 
certain afferent modules, i.e. the trigeminocollicular affér-
ents, and efferent modules, i.e. the colliculotrigeminal cells, 
are tightly coupled (see 1.4.1). It should however be stressed, 
that such tight coupling refers only to the spatial relationships 
of the modules and not to actual synaptic contacts, although such 
contacts might be expected. 
In conclusion, the modular connectional organization is a char-
acteristic feature of the deeper collicular layers. 
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CHAPTER 2 
THE ROLE OF THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS 
IN SENSORY-MOTOR FUNCTION. 
The basic layout of the midbrain was already well known in the 
19th century. The first dissertation specifically on the 
midbrain was probably David Terrier's in England in 1860s, which 
dealt with the comparative anatomy of the superior and inferior 
colliculi (84). 
In the 1940s a number of studies were initiated which provided 
new hints about the neural organization and function of the 
superior colliculus of mammals. The studies of Apter (4) and 
Hess etal. (104) are particular well remembered today. Apter 
(4) stimulated the superior colliculus of the cat by placing 
small crystals of strychnine on its surface which sensitized the 
tissue. Then, diffuse light was flashed in the eye, and eye 
movements were observed. Hess etal. (104) used electrical 
stimulation which also evoked eye movements. Based on these 
observations it was suggested that the superior colliculus is 
involved in what they called "the visual grasp reflex". 
Beginning in the 1960s a series of reports appeared in rapid 
succession, depicting the response properties of single cells in 
the superior colliculus of rodents, rabbits, cats and monkeys 
(28, 210, see also 1.2.2). At first, these studies for the most 
part were carried out on paralyzed, anaesthetized animals. The 
next important step in the examination of the role of the 
superior colliculus in sensory-motor function came about when 
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this structure was examined in alert animals; both stimulation 
studies (196, 213) and single unit work (211, 267) were carried 
out. 
Ablation studies also made significant contributions toward the 
understanding of the collicular role in sensory-motor function. 
In the 1960s an influential series of experiments on the golden 
Syrian hamster were carried out by Schneider (216, 217). When 
the tectal lobes of hamsters were undercut, the animals were 
capable of isolating the correct pattern in a two choice 
discrimination apparatus in case the stimuli were in the center 
of the hamster's visual field. However, if required to make a 
choice between stimuli that were not directly in front of them, 
the hamsters performed only at chance level. Schneider (217) 
interpreted his data to indicate that undercutting the superior 
colliculus did not impair the ability to discriminate stimuli 
unless orientation movements were required for that response. 
More recently (112), even pharmacological studies were undertaken 
to examine the role of, in particular, the deeper layers of the 
superior colliculus (dl-SC) in sensory-motor behaviour. 
So, many different scientific approaches were employed for 
unraveling the role of the superior colliculus in sensory-motor 
function. 
2.1.1 THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS: 
ABLATIOH STUDIES 
The bulk of the ablation studies has been carried out on rodents. 
In these studies many hypotheses about the function of the dl-SC 
in sensory-motor behaviour have passed in review (see; 43, 44, 
45). 
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THE ROLE OF ATTENTION AMD SENSORY NEGLECT 
The theme of the superior colliculus and attention has been 
examined in previous studies (167) with the suggestion that the 
dl-SC acts as a "sentinel" to alert the animal to sudden external 
stimuli that require current behaviour to be over-ridden (see; 
43). 
In order to test this hypothesis Hilner etal. (167) have trained 
rats with sham operations, or with bilateral lesions of the dl-SC 
(and consequently a reduced ability to pay attention), to run to 
and fro between two boxes interconnected by a runway. In one box 
the rats had to choose between five stimulus doors and push the 
lighted one to gain reward. The other box had only one stimulus 
door in a central location. In case rats pushed this door, they 
would also receive a reward. Therefore, according to Milner 
etal. (167), on every alternate trial the rats were subjected to 
a task that did not monopolize the animal's attention, i.e. 
running forward to the fixed target without making a 
discrimination. A flashing distractor light, for attracting the 
animal's attention, was present at the side of each of the two 
boxes. The behavioural impact of this light on the rat's running 
performance in both boxes was compared. 
According to the attention hypothesis, the reduced ability to pay 
attention resulting from dl-SC ablation would find expression in 
a dissimilar way in the two boxes; compared to the five-doors 
box task, i.e. the running task which according to Milner etal. 
(167) had the bigger attentional load, the one-door box task, 
i.e. the running task which had almost no attentional load 
(167), was hypothesized to alleviate the ablation induced effects 
on the behavioural impact of the distractor light on the rat's 
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running performance. Put another way, Milner etal. (167) 
hypothesized that rats with a reduced ability to pay attention 
resulting from dl-SC ablation, would still be able to pay 
attention to and subsequently react upon the distractor light in 
the one-door box task, which itself had no attentional load, but 
not in the five doors-box task because the latter task itself had 
already put heavy attentional load upon the "attentionally 
handicapped" animals. The results did not favour this hy-
pothesis. In both boxes the lesion effects were identical. In 
neither of the boxes the dl-SC ablated rats, in contrast to the 
sham operated rats, executed movements directed at the distractor 
light when running to the lighted target doors. Milner etal. 
(167) have concluded that these results do not provide support 
for the attention hypothesis. 
Besides, on other grounds their findings have weakened the 
attention hypothesis. Like the sham operated animals, in both 
boxes the dl-SC ablated rats did exhibit freezing in response to 
the distractor light. It has been argued that a rat which 
freezes in reaction to a light, must be attending to that light 
(167). 
The occurrence of freezing in collicular ablated animals not only 
weakens the attention hypothesis, but also provides hard evidence 
that collicular lesions do not result in sensory neglect, i.e. 
the inability to detect stimuli (43). These results are in line 
with the findings of Schneider (216, 217). Hamsters with tectal 
lesions and control animals were tested with an apparatus in 
which the frequency of untrained, unrewarded head movements and 
freezing responses to overhead visual stimuli or sudden sounds 
could be measured. In contrast to control hamsters, animals with 
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tectal lesions made very few head movements in reaction to 
auditory or visual stimuli. So, superior colliculus lesions 
abolished head movements elicited by sounds or visual stimuli. 
(This finding is in agreement with observations on collicular 
ablated cats; 235). The ordering of group scores for freezing 
responses, however, was exactly the reverse of the ordering of 
the head movement scores. Subjects with superior colliculus 
lesions showed significantly more freezing than control animals 
did. These results also demonstrate that collicular lesions do 
not result in a detection failure, i.e. sensory neglect (see 
also; 16Θ). 
DISCRIMINATION LEARNING 
Equivocal findings have been obtained in case animals with 
collicular lesions participate in learning tasks. Some studies 
report no detrimental effects of collicular ablation on the 
animal's performance (18, 62, 73, Θ5, 86, 172, 249), whereas 
other studies demonstrate that lesions of the superior colliculus 
interfere with the animal's performance (7, 107, 126, 143, 145, 
150, 166, 169, 174, 214, 224, 251, 261 262). 
Previously, it has been suggested (13) that the superior 
colliculus may well be involved in the installation of visuomotor 
habits helpful to discrimination learning in a particular 
setting, but not in retention of pre-operatively learned 
behaviour. So, collicular ablation has been suggested to affect 
these habits and consequently disrupt discrimination learning 
without disturbing retention itself. 
Within this framework some studies have hypothesized that a 
deficit in scanning underlies the ablation induced deficits 
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observed in learning tasks (41, 106, 144). 
Other studies, however, have demonstrated that the spatial 
location of the stimuli in the learning test plays a crucial role 
in the ultimate effect of collicular ablation on the animal's 
performance in a learning task. Previous work (42) has shown 
that superior colliculus ablation has no effect on the efficiency 
of visual discrimination learning in case the animals have to 
respond to stimuli that are in the central part of the visual 
field (see also; 107, 175). On the other hand, however, tectal 
ablation remarkably reduces the efficiency of visual dis-
crimination learning in case the animals have to respond to 
stimuli that are located in the peripheral visual field. This is 
illustrated by the work of Keating (134). A monkey was placed in 
front of an array of 24 food bins. The apparatus subtended about 
100 degrees of visual field. The door covering each bin was made 
of half-ground translucent plexiglass which served as a screen 
for rear-projected visual stimuli. Two spots of light flashed 
simultaneously and briefly for 200 msec, one on each of two of 
the doors. One light spot was half as bright as the other and 
the monkey had to locate the position of the dimmer spot by 
reaching through that door to obtain a raisin. If he misreached, 
the trial ended and the position of each error was recorded. 
Over the fifty trials of a daily session the spots changed 
positions according to a sequence that was random except for the 
restriction that the correct (dimmer) spot should fall on each 
door twice m a session. Six rhesus monkeys were trained. 
Thereafter, the superior colliculi of these monkeys were removed 
bilaterally. One week later, the monkeys were retested. The 
monkeys sometimes exhibited misreachings. Observation of the 
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monkeys during retesting did reveal one interesting pattern to 
their errors. Host misreaches occurred when the stimulus fell on 
the opposite half of the array from were the animal's head was 
pointing at the start of a trial. Particularly, if a train of 
2-3 trials in a row fell on one half of the array, the animal was 
poor at finding the next stimulus if it flashed on the opposite 
half. In other words, assuming that his eyes were pointing in 
the same direction as his head, the monkey's performance was 
poorest for stimuli falling in the peripheral visual field. The 
animals performed well in case they reached for stimuli in front 
of them (134). Recent findings confirm these results (105, 107, 
185). 
In the primate study described above actually two types of goal, 
i.e. dimmer light spot, directed arm movements can be dis­
sociated. First, targeting movements that are continuously 
guided by visual input (feedback), i.e. goal directed feedback 
or closed-loop movements. This type of targeting movements 
occurs in case the visual target is in the center of the visual 
field while the monkey executes the required arm movement. 
Secondly, targeting movements that are elicited, but not 
continuously guided by visual input, i.e. goal directed 
feedforward or open-loop movements. These goal directed move­
ments occur in case the visual target is not continuously in the 
center of the visual field while the animal executes the required 
arm movement (cf. 46, 47, 72). 
Based on this dichotomy it has previously been shown that 
collicular ablated animals accurately guide their targeting 
movements under visual control (23, 27, 73, 85, Θ6, 87, 167, 
172). The animals, however, have great difficulty in executing 
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targeting movements that are elicited but not continuously guided 
by visual or auditory, i.e. external, stimuli (23, 73, 65, 66, 
87, 139). Experiments carried out by Butter etal. (23) and 
Casagrande etal. (27) have demonstrated that the above mentioned 
effects have to be attributed to ablations of especially the 
deeper collicular layers. 
Previous work (7, 41, 260) has clearly demonstrated that deep 
collicular ablated animals preferably guide their targeting 
movements not only under visual (see above), but in general under 
external, i.e. visual, auditory, tactile and olfactory, control. 
The investigators used a 6 choice jumping stand consisting of a 
circular platform 6 in. from the floor and covered with rough 
sandpaper to induce jumping. The platform was surrounded by 6 
boxes with apertures. The area in the well between the jumping 
stand and the boxes was covered with black felt material. The 
jumping distance from the edge of the platform to the boxes was 
about 5 in. and the lower edge of the apertures was on the same 
horizontal level as the platform. The apparatus visible from the 
platform was matt black and the interior of the boxes white. 
There was a light bulb fitted at the top of each box. During the 
test sessions one box was dark and the remaining five 
illuminated. Foodcups were placed in a far corner of the box and 
were not visible from the platform. Sham operated and collicular 
ablated rats were placed on the platform and rewarded for jumping 
in the correct, i.e. dark, box within a certain time after 
starting the trial. When placed in the center of the platform 
the control animals usually turned immediately toward the target 
box and entered it for the reinforcement. Although the jumping 
skills of the collicular ablated animals were intact, these rats 
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performed poorly; they frequently jumped into the wrong box. 
Some animals, however, were observed adapting a "new" strategy. 
They lowered themselves from the platform onto the well between 
the jumping stand and the target boxes. They walked round the 
outside of the well, looked in each box and climbed into the dark 
one. Other collicular ablated rats remained on the jumping 
stand; they moved to the edge of the stand and stretched toward 
a box opening. They continuously moved around the edge of the 
stand from box to box repeating the stretching pattern (7, 41, 
260). 
So, the deep collicular ablated animals continuously guided their 
goal, i.e. target door, directed movements by attaching to the 
edge of the jumping stand or the outside of the well. The work 
of Goodale and Murison (Θ5), Heywood and Cowey (105) and 
Schneider (216) also clearly demonstates that animals with deep 
collicular ablations continuously guide their targeting movements 
by external stimuli. 
In conclusion, ablation studies indicate that deep collicular 
ablations affect the execution of targeting movements that are 
elicited, but not continuously guided by external stimuli 
(non-externally guided targeting movements), leaving intact the 
goal directed movements that are continuously guided by external 
stimuli (externally guided targeting movements). These findings 
suggest that the dl-SC are involved in the former type of goal 
directed movements. 
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2.1.2 THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS: 
ELECTROPHYSIOLOGICAL STUDIES 
Most of the electrophysiological studies have been carried out on 
primates and, in a lesser extent, on cats. These studies 
comprising both recording and stimulation experiments, focus 
primarily on saccades. These rapid and often goal directed eye 
movements have a similar trajectory, composed of a rapid 
acceleration to peak velocity followed by a deceleration that 
brings the eye to its final position. Primate saccades usually 
last between 15 and 100 msec, and can reach peak velocities in 
excess of 500 degrees/sec. (75). 
Of special interest for the present thesis is the fact that these 
goal directed saccades can be elicited, without being 
continuously guided, by visual stimuli (see below). In the 
present thesis these non-externally guided targeting eye move-
ments will be called visually elicited saccades. It should be 
noted, however, that saccades can also be evoked by auditory and 
tactile stimuli. 
RECORDING STUDIES 
As a micro-electrode passes from superficial layers into the 
deeper layers of the superior colliculus, a dramatic change in 
the relation of collicular activity to visual-motor behaviour 
occurs. The cells now discharge in close temporal relation to 
saccades (160, 173, 213, 226, 228, 230). 
Recording techniques have shown that the maximal discharge of 
neurons in the dl-SC of the monkey occurs prior to saccades with 
a particular direction and amplitude (170, 211, 213, 226, 228, 
267, for review; 227, 266). These neurons have a movement 
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field, i.e. the neurons discharge prior to a range of eye 
movements of similar directions and amplitudes. In primates, 
unit discharge occurs (for different neurons) from 10-150 msec. 
prior to saccades and is independent of the initial position of 
the eye in the orbit (211, 213, 266, 267). A gradient of 
response magnitude is observed across the movement fields. A 
vigorous discharge precedes movements to the center of the 
movement field, but reduced responses precede movements which 
deviate from this direction and/or amplitude (228). Movement 
fields of neurons in the dl-SC are also characterized by a 
temporal gradient. The interval between the onset of spike 
discharge and the onset of a saccade is greater for movements 
near the center of the movement field than for movements to the 
periphery of the field (228, 234). Movement field size is a 
function of the amplitude of the optical movement. Neurons 
discharging prior to small saccades have small fields, whereas 
neurons discharging prior to large saccades have large movement 
fields (228). There is a topographical organization of movement 
fields within the dl-SC. Neurons discharging prior to small 
saccades are located anteriorly, and neurons firing before large 
saccades are found posteriorly. Cells near the midline discharge 
prior to movements with up components, and cells laterally 
discharge maximally before movements with down components (213, 
228, 231, 234). 
In the primate there are several categories of dl-SC neurons with 
saccade related activity. Some cells, especially those located 
deep in the superior colliculus, have an early but gradual onset 
in their rate of discharge before a saccade. Dorsally located 
saccade related cells, i.e. cells found at the junction of 
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Stratum opticum and stratum griseum intermediale, show a late 
onset in the discharge rate before saccades (170). Another 
distinction between saccade related cells is based on the 
presence and absence of a burst of action potentials preceding 
the saccades (228, 266); some cells have a relatively discrete 
burst of high frequency discharge before saccade onset, whereas 
other cells show a gradual build-up of activity before the 
saccade, but have no such burst of activity. Some neurons that 
discharge prior to saccades have both movement fields and visual 
receptive fields, whereas other neurons have only movement fields 
(211, 267). A special type of visually related movement cells is 
the "quasi-visual cell" (160, 229, 232). In this chapter, this 
cell type will only be mentioned here. For a more detailed 
description of the quasi-visual cell, which is important for 
understanding the collicular role in sensory-motor behaviour, see 
chapter 9 (par. 9.5). 
The analysis of simultaneous unitary neuronal activity related to 
saccadic eye movements and recorded in both superior colliculi 
has shown a mirror-functioning image (122). Increase of the fre-
quency discharge in a collicular unit was associated with a de-
crease of the frequency discharge in the contralateral superior 
collicular unit. This unitary neuronal reciprocal response was 
observed each time a horizontal eye movement was produced. 
Although far fewer collicular recording studies have been 
published on the cat than on the monkey, the available evidence 
suggests differences between these species (cf. 188). In cats 
(14, 89, 100, 173, 187, 239, 241), like in primates (109, 160, 
170, 227, 234, 266), neuronal dl-SC activity has been found to 
correlate with visually elicited saccadic eye movements. The 
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discharge rate in the dl-SC increases before these non-externally 
guided targeting eye movements. However, unlike deep collicular 
cells in the monkey, in most instances the proportion of cells in 
the feline dl-SC showing a relationship between saccadic eye 
movements and neuronal activity is surprisingly small. A major 
exception is the claim by Arduini etal. (6) that 80% of the 
cells recorded in an encéphale isole preparation have discharges 
related to saccadic eye movements. However, the same type of 
preparation has been used by Straschill and Hoffman (239) who 
have found that only 10% of the units fire in synchrony with 
these eye movements. Two recent studies have employed intact be-
having cats. Harris (100) has reported that only 13 of 99 units 
have saccadic eye movement related activity. Peck etal. (187) 
have also noted that only about 10% of their sample respond prior 
to saccades. Thus, the percentage of saccadic eye movement 
related cells in the feline dl-SC appears to be much lower than 
in the monkey. One possible reason for this apparent difference 
could be that discrete movements of the eyes are rarely used for 
targeting behaviour in the cat, whereas they do occur in the 
monkey (15, 16, 28). 
Saccadic eye movements have been dissociated from another type of 
ocular motility, i.e. smooth pursuit eye movements. Whereas the 
function of goal directed saccadic eye movements is to acquire 
(visual) targets for foveal viewing, smooth pursuit movements 
enable the organism to maintain targets on the fovea (211). So, 
smooth pursuit refers to the eye movements of frontal eyed 
animals when they follow an object of interest by keeping its 
image on the fovea (198). In other words, smooth pursuit eye 
movements are continuously guided by visual input, whereas 
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saccadic eye movements can be elicited but are not continuously 
guided by visual input (see above; visually elicited saccades). 
The dl-SC have not been shown to be involved in the execution of 
smooth pursuit eye movements. 
Saccadic eye movements, however, are only one part of a general 
mechanism of gaze shift. Some animals rely more heavily on head 
and body movements than do primates and the organization of the 
superior colliculus in these animals may be related to such 
differences in behaviour. For example, the cat has a tendency to 
use its head proportionally more than its eyes for targeting 
movements and the superior colliculus in the cat is more clearly 
related to head movements than is the colliculus in the monkey 
(266). Accordingly, in the feline dl-SC cells have been found 
that discharge in synchrony with head movements in presence of a 
visual pattern (241). In cats when the head is free to move, 
almost all saccades larger than 4 degrees in amplitude are 
accompanied by head rotation (19). Conflicting results exits 
about eye-head co-ordination in cats (199). The "addition 
hypothesis" (19, 96) states that the head movement starts at a 
variable delay after the beginning of the eye movement. So, a 
saccade is initially programmed to achieve the desired gaze 
change without aid from the head. Consequently, the saccade is 
slowed down so as to prevent gaze overshoot when the head moves 
too. This "saccadic attenuation" is suggested to represent the 
initial stage of the compensatory eye movement. After finishing 
the saccade, the eye rotates retrogressively in the orbit so as 
to maintain a constant direction of gaze during the remaining 
portion of the head movement. This compensatory eye movement for 
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preventing gaze overshoot is mediated by several mechanisms among 
which the vestibulo-ocular reflex (VOR) is the most important. 
However, some findings are not in confirmation with the "addition 
hypothesis". Haddad and Robinson (98) have argued against 
addition on the basis of their observation that the velocity of a 
saccade of a given amplitude is faster in the head-free cat than 
it is in the head-fixed cat. In support of this view, Fuller 
etal. (76) have not reported summation between the vesti-
bulo-ocular reflex and saccades accompanying active head-free 
gaze shifts in the cat (cf. 189, see also: 17, and 'stimulation 
studies'; 201). 
STIMULATION STUDIES 
It has been known since Adamuk's report in 18705, that electrical 
stimulation of the superior colliculus produces eye movements and 
that the direction of the evoked eye movements depends on the 
site of collicular stimulation (227). This line of study was 
renewed in the 1940s by Hess etal. (104) and Apter (4). 
However, an extensive description of the effects of electrical 
stimulation of the dl-SC was not available until Robinson's study 
(196) with alert monkeys and the sensitive search coil technique 
for measuring eye movements. 
Studies carried out on monkeys have demonstrated that collicular 
stimulation produces contralateral saccades (196, 212, 213, 227, 
232, 234, 266). For supra-threshold currents the latency of 
evoked saccades is 20-30 msec. Threshold currents varies as a 
function of the depth of the electrode. Near the surface of the 
superior colliculus, thresholds are as high as 800uA. As the 
electrode is lowered, the threshold drops to 200uA and remains at 
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this level for 1-1.5mm until it abruptly falls to <20uA (196, 
213, 232, 234). 
Stimulation with constant current pulse trains (500/sec; 0.5 sec 
duration) produces saccades whose amplitude and direction are 
dependent upon the site of stimulation within the dl-SC. Across 
the colliculus, the saccades are small (1 degree) anteriorly, 
large (50 degrees) posteriorly, have up components medially and 
down components laterally. The amplitudes and direction of 
saccades evoked by electrical stimulation of the monkey superior 
colliculus are independent of the location of the eye in the 
orbit (196, 213, 232, 234, 242, 266, but see; 222). Equivocal 
findings have been obtained with respect to the effect of 
stimulation parameters on the electrically induced saccades in 
monkeys. Some studies have indicated that amplitude and 
direction of electrically evoked saccades are indifferent to 
variations in pulse frequency, current or train duration (196, 
213). Other findings (233), however, have shown that the 
amplitude of the electrically induced saccades is a function of 
stimulation current. 
The situation in the cat is more complex. Studies agree that 
electrical stimulation of the dl-SC in cats evokes saccades (95, 
100, 162, 163, 200, 201, 227, 234, 238, 240, 243, 266), but a 
general disagreement exists about the effect of eye position in 
the orbit on the electrically induced saccades. Some studies 
have found that the amplitude and direction of electrically 
elicited saccades are independent of the location of the eye in 
the orbit (100, 209, 237, 238, 243). Other studies (40, 95, 119, 
163, 200, 201, 240) have, however, indicated that electrically 
elicited saccades in the cat are "goal directed". This 
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conclusion is based upon their observation that collicular 
stimulation causes the eyes to move to a given point, regardless 
of the eye position at the onset of the electrical stimulus. 
Stimulation of the same region in the dl-SC must therefore 
produce eye movements whose amplitudes and direction are 
variable, as they are determined only by the disparity between 
the initial eye position and the goal. More comprehensive 
investigations of this issue (40, 95, 200, 201) have found that 
the effect of eye position in the orbit on the amplitude and 
direction of stimulation induced saccades depends on the 
collicular region being stimulated. It has been observed that 
saccades evoked from anterior sites in the cat's colliculus 
resemble the fixed vector saccades of the primate, whereas 
stimulation in the posterior third drives the eyes to a 
particular position in the orbit ("goal directed" saccades). 
Recently, Mcllwain (163) has confirmed the above mentioned 
findings that "goal directed" saccades can be evoked from 
posterior sites of the feline dl-SC. In contrast to the above 
mentioned results, however, Mcllwain (163) has not found evidence 
for discrete zones associated with fixed vector saccades. It has 
been observed that the amplitude and direction of saccades evoked 
from anterior sites of the superior colliculus are also 
influenced by the position of the eye in the orbit (163). 
Additionally, it has been found that the amplitudes of saccades 
electrically elicited from the feline dl-SC depend upon both 
stimulating current and train duration. Increasing current 
increases the amplitudes of saccades elicited from the anterior 
part of the superior colliculus (95). Similarly, a direct 
relationship between current and eye movement amplitude has been 
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found by Straschill and Rieger (240). For variations in current, 
the relationship is linear over a certain range of values beyond 
which no further increases in saccade amplitude can be obtained 
(240). Moreover it has been found that staircase saccades, i.e. 
a series of saccades each being of constant amplitude, can be 
elicited by long trains of stimulation (95, 200, 238, 240). More 
specifically, the former two investigators have found that an 
increase in stimulus train length in the anterior part of the 
superior colliculus produces staircase saccades, whereas in the 
posterior part goal fixation but no staircase saccades is 
observed. Unlike these investigators, however, Straschill and 
Rieger (240) have found that staircase saccades can only be 
elicited from the posterior part of the superior colliculus. 
Additionally, it has been observed that electrically induced 
saccades in cats, but not in monkeys, are very tightly stimulus 
bound, such that if the stimulation ceases while the eye is in 
motion, the saccade halts at a shorter than normal amplitude 
(95). 
By stimulating the monkey superior colliculus (242) it has been 
found that eye movements are elicited with short latency, with 
fixed thresholds, and with the same amplitude regardless of the 
initial position of the eye in the orbit (see above). In 
contrast, head movements following stimulation of the monkey 
superior colliculus have variable latency (>90 msec), variable 
threshold and are most likely to follow stimulation when the eyes 
are in a position of extreme deviation (242). It has been 
concluded that the monkey superior colliculus does not determine 
the occurrence of head movements. Results obtained by Robinson 
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and Jervis (197) confirm these findings. These investigators 
allowed monkeys to make horizontal head movements as well as eye 
movements, but have found that collicular cells discharge in 
close temporal relation to eye movements, but not to head 
movements. 
So, the monkey superior colliculus does not participate in the 
initiation of head movements (see also; 227, 234, 266). This 
may be species dependent, since recording- (see above) and 
stimulation experiments (see below) in the feline dl-SC provide 
evidence that in the cat this structure is related to head 
movements. 
Electrical stimulation of the feline dl-SC evokes head movements 
(100, 201, 227, 234, 243, 266). Йоге specifically, Harris (100) 
has evoked combined movements of the head and the eyes by 
electrical stimulation of the caudal part of the feline dl-SC. 
Electrical stimulation of the rostral part of the feline dl-SC 
has not been found to elicit movements of the head (100). In a 
more comprehensive investigation of this issue (201) electrical 
stimulation of the anterior part of the feline dl-SC has been 
found to elicit small head movements accompanying eye movements 
with slightly longer latencies than the eye movements. Since 
there is a perfect vestibulo-ocular compensation for the head 
movement by the eye, total gaze changes are the same regardless 
of whether the head is fixed or free. Stimulation of the middle 
region of the feline dl-SC has been shown to evoke head movements 
without vestibulo-ocular compensation. Head movement amplitudes, 
therefore, sum with eye movement amplitudes such that total gaze 
changes are larger with the unrestrained than the restrained 
head. Head movements evoked in the intermediate collicular 
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region share many characteristics with eye movements evoked in 
the anterior zone. Their amplitude and direction are determined 
by the location of the electrical stimulation. Moreover, these 
head movements are triggered at short latency, and over some 
range of train duration the head movement amplitude increases 
with increasing train duration. Beyond that range no further 
increases in amplitude have been seen. Electrical stimulation of 
the posterior region of the feline dl-SC has been found to bring 
the head to a particular position in space by using either 
contraversive or ipsiversive movements. In other words the 
evoked head movements are "goal directed". 
Stimulation of the feline dl-SC has also been found to elicit 
vibrissa and pinna movements (207, 227, 234, 237, 243). 
The lowest threshold for producing pinna movements is obtained in 
the stratum griseum intermediale. In general, the direction and 
amplitude of pinna movements is related to electrode position. 
Stimulation medially produces pinna movements with strong upward 
components, stimulation laterally produces movements with 
downward components. Stimulating anterior sites produces forward 
movements, whereas stimulating caudal sites evokes backward 
movements. Moreover, the relative size of an evoked pinna 
movement depends upon the stimulation site along the an-
terior-posterior axis of the superior colliculus. Stimulation of 
the anterior regions produces comparatively small forward 
movements, whereas stimulation of more posterior sites produces 
progressively larger backward movements (237). Stein and Clamann 
(237) have suggested that naturally occurring pinna movements 
function to "acquire" auditory stimuli, just as saccadic eye 
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movements permit the acquisition of visual targets (see above). 
In rats, like in cats, stimulation of the dl-SC evokes pinna-
(161, 204), head- (46, 47, 63, 204, 248), vibrissa- (161) and 
even eye movements (161). With te^pect to the latter movements, 
deep collicular stimulation evokes contraversive saccadic eye 
movements. The direction and amplitude of these movements vary 
predictably with the electrode position in the superior 
colliculus. Stimulation of medial sites yields movements with up 
components, and excitation of the lateral sites evokes movements 
with downward components. Displacement along the ante­
rior-posterior axis of the colliculus increases the amplitudes of 
saccades. Additionally, a linear relationship between current 
intensity and saccadic amplitude is apparent. Electrical 
stimulation of the rat's superior colliculus has not been found 
to evoke "goal directed" movements. 
In addition, stimulation of the rat, gerbil and rabbit dl-SC 
elicits body movements (46, 47, 63, 204, 205, 24Θ). Recently it 
has been found that the amplitude of the body movements evoked in 
gerbils is dependent upon both stimulation parameters (current 
and train duration) and the animal's posture at the stimulus 
onset (63). Analogous results have been found in rabbits (207). 
As mentioned before, two types of goal directed movements have 
been dissociated; externally guided targeting movements and 
non-externally guided targeting movements. As described in the 
former part of the paragraph, recording studies show that the 
dl-SC are involved in the execution of visually elicited saccadic 
eye movements, i.e. goal directed eye movements that are 
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elicited without being continuously guided by visual stimuli 
(non-externally guided targeting movements), but not in smooth 
pursuit, i.e. goal directed eye movements that are continuouly 
guided by visual stimuli (externally guided targeting movements). 
Since electrical stimulation of the dl-SC has been found to evoke 
only saccades, but never smooth pursuit eye movements (161, 196, 
213, 227, 266), stimulation studies support the view that the 
dl-SC are involved in the execution of non-externally guided 
targeting movements. 
In this paragraph, pinna-, head-, eye-, and body movements 
resulting from electrical stimulation of the dl-SC have been 
discussed. Frequently, the initial eye-, head-, or body position 
have been shown to affect the amplitude of these movements. This 
finding is of considerable importance since, if this reflects a 
normal functional property of deep collicular organization, then 
the idea that the output organization of the deeper collicular 
layers is a retinotopic one is untenable (see also chapter 9). 
In chapter 9 the collicular involvement in naturally occurring 
targeting movements is discussed within this framework. 
2.1.3. THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS: 
PHARMACOLOGICAL STUDIES 
Only very few studies designed to investigate the role of the 
dl-SC in sensory-motor behaviour use locally applied neuro-
chemical agents. 
Pharmacological manipulation of the dl-SC, like electrical 
stimulation, evokes eye-, pinna-, head-, and body movements. 
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Injection of bicuculline, a GABA-ergic antagonist (20, 124), into 
the dl-SC of monkeys has been found to elicit eye movements 
identified as staircase saccades (110, 112, 268). Application of 
Picrotoxin, which attenuates the GABA-ergic activity (20, 88), 
into the feline dl-SC has been found to evoke pinna movements and 
short brisk head movements (128). These head movements, being 
executed in such a way that each subsequent movement 1. starts 
from the position in which the preceding head movement had ended, 
and 2. moves in the same direction as the preceding one, are 
repeated several times (128). They resemble the staircase 
movements mentioned in the preceding paragraph (2.1.2). The 
effects are GABA specific. Additionally, injection of Picrotoxin 
or bicuculline into the dl-SC of the rat or cat induces body 
movements (cat; 128, rat; 83). 
Besides, it has been found (263), that pharmacological sti-
mulation of the dl-SC by the cholinomimetic carbachol (20, 124) 
produces body movements in rats. The effects are dose dependent, 
anatomically specific and can be eliminated by antagonism of 
either muscarinic or nicotinic receptors. These body movements 
have also been obtained by intracollicular co-administration of 
acetylcholine and physostigraine, a potent inhibitor of 
acetylcholinesterase which metabolically degrades acetylcholine 
after release from the terminals (20, 124). 
Injection of GABA-ergic agents not only induces eye-, pinna-, 
head-, or body movements (see above). Recent findings have 
suggested that the injection of GABA-ergic agents into the dl-SC 
also affects the occurrence of non-externally guided targeting 
movements, i.e. targeting movements that are elicited but not 
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continuously guided by external (visual, auditory, olfactory and 
tactile) stimuli. 
Application of muscimol, a GABA-ergic agonist (88, 124), into the 
dl-SC of monkeys suppresses visually elicited saccadic eye 
movements (112, 268). Moreover, visually elicited saccades which 
occur after application of muscimol into the dl-SC have longer 
latencies, lower velocities and smaller amplitudes (112, 268). 
Interestingly, the effects of dl-SC injection of muscimol mimic 
the effects observed after a "temporal" functional removal of the 
dl-SC by injection of a local anaesthetic, lidocaine, into that 
area (114), or a "permanent" functional removal by deep col-
licular ablations (214). Following injection of lidocaine into 
the monkey dl-SC, the amplitudes of saccades to visual targets 
are shortened and the peak velocities of the saccades are 
reduced. Latency of these saccades usually increases (114). 
Schiller etal. (214) have collected quantitative data from deep 
collicular ablated monkeys with implanted search coils on the 
following eye movement parameters: saccade size, saccade 
frequency and saccade velocity. After ablation of the dl-SC, the 
monkeys make fewer and smaller saccades and the eye movement 
velocity is reduced (214, see also; 135). 
Contrary to the effects of dl-SC injection of muscimol (see 
above), deep collicular application of bicuculline facilitates 
the initiation of visually elicited saccades in monkeys (112). 
The latencies of these saccades decrease, and the velocity 
frequently increases. Dl-SC injection of bicuculline also 
affects saccade amplitude (112). 
Previous work in the rat (57) has indicated that application of 
muscimol into the dl-SC reversibly reduces the execution of 
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non-externally guided targeting movements in which other parts of 
the body than the eyes are involved. The findings of Cools etal. 
(37) favour this idea. These investigators have examined the 
effects of injecting muscimol into the dl-SC of cats executing 
targeting movements on a wooden bar under full light. The cats 
were placed on a narrow (5 cm in width) wooden bar which was 2 m 
long and placed 2 m above the floor. The cats had to walk from 
one side of the bar to the other side of the bar where they could 
collect milk from a small cup. Solvent treated cats walked 
straight-on towards the end of the bar without continuously 
fixating or grasping the bar. In contrast, muscimol treated cats 
moved forwards slowly, while visually fixating the bar afront of 
their head and meanwhile grasping the bar. These effects are 
specific for the dl-SC, because they are absent after dl-SC 
ablation. Moreover, the effects are dose-specific and GABA 
specific (the muscimol induced effect is antagonized by Pi-
crotoxin; 37). So, once again the effects of dl-SC injection of 
muscimol seem to mimic the effects of dl-SC ablation. After 
increasing the GABA-ergic activity in the dl-SC by application of 
muscimol, cats continuously guide their targeting movements by 
visual and/or tactile (external) stimuli, i.e. executing 
externally guided targeting movements, instead of non-externally 
guided targeting movements (targeting movements that are elicited 
without being continuously guided by external stimuli) (cf. 
2.1.1). 
Summarizing, the results obtained in the above mentioned 
pharmacological studies suggest that the GABA-ergic activity in 
the dl-SC is involved in the occurrence of targeting movements 
that are elicited but not continuously guided by external 
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Stimuli. 
In conclusion, results obtained after carrying out ablation- (see 
2.1.1), electrophysiological- (see 2.1.2) and pharmacological 
studies (see 2.1.3) provide evidence that the dl-SC are involved 
in the execution of non-externally guided targeting movements. 
As mentioned above, the integrity of the GABA-ergic activity in 
the dl-SC is required for the execution of non-externally guided 
targeting eye movements, i.e. visually elicited saccades (112). 
Moreover, previous work has suggested that the GABA-ergic ac-
tivity in the dl-SC also plays a part in the execution of 
non-externally guided targeting movements in which other 
parts of the body than the eyes are involved (37, 57). 
The experiments described in the chapters 3 and 5 are designed to 
study this hypothesis. 
2.2.1 THE SUBSTANTIA NIGRA PARS RETICULATA: ANATOMY 
The substantia nigra is the largest cell mass in the 
mesencephalon. It extends through the length of the midbrain and 
appears bilaterally as a band of cells between the cerebral 
peduncle and the tegmentum. The substantia nigra has been 
commonly divided for descriptive purposes into two distinct 
regions, the pars or zona compacta (SNC), a cell rich region, 
being composed largely if not entirely of dopamine neurons and 
the pars or zona reticulata (SNR), which has well organized 
neuropil but relatively fewer cells (8, 26, 59). Little 
attention, either anatomical or physiological, has been given to 
the pars lateralis of the substantia nigra, phylogenetically the 
oldest part of this structure. Though the pars lateralis has not 
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been considered separately from the substantia nigra (59, 194), 
it is depicted as a small elliptical mass of neurons lying 
lateral to the SNC and SNR (99, 131). It forms connections with 
the SNR through large dendrites arising from large and medium 
sized neurons and has cytologicsl characteristics similar to both 
other areas of the substantia nigra. 
There appears to be a wide variation of cell body size and shape 
of substantia nigra neurons. Generally, three types of neurons 
have been described in the rat substantia nigra. 1. Large 
neurons distributed in the pars reticulata. These neurons, which 
are especially prevalent in the rostrolateral regions where they 
are embedded in a neuropil of fine poorly myelinated fibers, have 
axons (sometimes branched) that project outside the substantia 
nigra. 2. Medium-sized neurons in the pars compacta which are 
considered to give rise to the nigrostriatal projection, and 3. 
small short axoned neurons found in both subdivisions. These 
neurons, considered interneurons, comprise about 10% of the SNC 
and 40% of the SNR (24, 26, 59, 131). 
Since only the SNR is involved in investigations composing this 
thesis (chapters 3, 4, 5 and Θ), the following description on 
nigral connectivity will be restricted to this part of the 
substantia nigra. 
Afferent and efferent projections of the SNR have been 
extensively investigated. They will only be mentioned briefly, 
since a detailed description is beyond the scope of this chapter. 
The SNR receives input from the subthalamic nucleus (25, 26, 59, 
81, 1Θ3), the nucleus accumbens (22, 25, 92), the dorsal raphe 
nucleus (22, 25, 26, 59, 81), the globus pallidus (5, 24, 26, 
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59), the lateral hypothalamus (81, 176, 177), the cortex (1, 59). 
The main afferent projection of the SNR, however, originates in 
the striatum (the caudate-putamen complex) (rat: 22, 68, 81, 94, 
152, 203, 264; cat: 9, 93, 183, 202; monkey: 223; for 
review: 25, 26, 51, 59, 80). 
The striatal projection to the SNR is topographically organized 
(9, 22, 59, 68, 94). Previous findings both in the monkey and 
cat have shown that the striatonigral pathway has a precise 
topographical arrangement such that, in general, the head of the 
caudate nucleus projects to the rostral third of the SNR with a 
medio-lateral correspondence. Additionally in the primate, 
fibers from the putamen have been found to project to the caudal 
two-thirds of the SNR with the dorsal putamen relating to lateral 
parts of the SNR, and ventral regions relating to the medial 
parts of the SNR (24, 26, 60, 181, 244, 245, 246, 253, 257). 
Recent findings (202, see also; 10) in the cat, however, have 
indicated that the caudate input involves the entire 
rostro-caudal length of the SNR, with the densest input to the 
rostral SNR being located medially, and the greatest input to the 
caudal regions of the SNR being located laterally. The 
topographic organization in the medio-lateral axis between the 
caudate nucleus and the SNR, as mentioned above, is confirmed by 
Royce and Laine (202). Recent findings (186) in the monkey have 
largely confirmed the striato-nigral topography mentioned above. 
However, direct comparison of the organization of the putamen and 
caudate efferents in the same animal after WGA-HRP injections 
involving large parts of both caudate nucleus and putamen, has 
delineated an important feature of the overall arrangement of the 
striato-fugal fibers in the monkey, i.e. the putamen efferents 
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terminate massively in the globus pallidus but less abundantly in 
the SNR, whereas the opposite is true for caudate nucleus 
efferents (see also 2.3.1). 
In the rat the dominant principle of the topographic organization 
is the reversed dorso-ventral relationship between the striatum 
and the SNR. Thus, the ventral part of the striatum, including 
the nucleus accurabens, projects to the dorsal region of the SNR, 
and the dorsal part of the striatum projects to the ventral 
region of the SNR (58, 67, 6B, 94, 177, 250). Recently {60), 
additional features on the topographical organization of the 
projection from the rat dorsal striatum onto the ventral SNR have 
been found. The most rostral regions of the dorsal striatum 
project to the most medial regions of the ventral SNR and, 
likewise, successively more caudal regions of the dorsal striatum 
project to successively more lateral regions of the ventral SNR. 
That is, in general terms, the projection is organized such that 
the anterio-posterior coordinate of the dorsal striatum is 
rotated to coincide with the mediolateral coordinate of the 
ventral SNR (see also; Θ2). 
Additionally, in rats a close correspondence has been found 
between the striatonigral input to the SNR and the localization 
of nigrotectal projection neurons in the SNR. That is, 
nigrotectal neurons are found mainly within the ventral portion 
of the rostral two-thirds of the SNR (see chapter 1; 1.2.4), 
which also receives a major input from the dorsomedial region of 
the striatum (68). Furthermore, electron microscopic studies in 
the rat have recently shown that striatonigral fibers from the 
dorsal striatum establish direct monosynaptic contact with the 
cell bodies and dendrites of nigrotectal projection neurons in 
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the ventral SNR (264). 
The dl-SC are not the only output station of the SNR (for details 
about the nigrotectal projection see 1.2.4). Other major out-
put stations of the SNR are the medullary reticular formation 
(59, 117, 195, 219, see also; 156), the pedunculo-pontine teg-
mental nucleus (8, 26, 51, 80, 81, 182) and various parts of the 
thalamus (25, 26, 51, 59, 67, 74, 94, 184). Especially the ven-
tro-lateral (VL) and ventro-anterior (VA) part, (VA/VL equiv-
alent to VM (ventro-medial part) of rats; 60, 90), receive SNR 
input (8, 11, 25, 51, 59, 80, 81). 
As mentioned before (see chapter 1; 1.2.4) a considerable pro-
portion of SNR neurons have axons branching to both the thala-
mus and the dl-SC (2, 11, 94). 
The SNR exerts a potent inhibitory influence on the cells in the 
dl-SC (see chapter 1; 1.2.4), the thalamus (48, 49, 60, 78, 
140), the medullary reticular formation (191) and the 
pedunculo-pontine tegmental nucleus (182, 206). 
The above mentioned nigroreticular fibers (78, 191), the 
nigrothalamic fibers described above (54, 65, 76, 97, 208), and 
fibers coursing from the SNR to the pedunculo-pontine tegmental 
nucleus (32, 78) contain GABA as neurotransmitter. As mentioned 
in chapter 1 (see 1.2.4) the nigrotectal projection is also 
GABA-ergic. 
Additionally, it has been found that the SNR controls the 
GABA-ergic activity in the dl-SC (165); increment of the 
GABA-ergic SNR activity results in a decrement of the GABA-ergic 
activity in the dl-SC, and vice versa. 
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2.2.2 THE SUBSTANTIA NIGRA PARS RETICULATA: 
NON-EXTERNALLY GUIDED TARGETING MOVEMENTS 
Recently (254, 255), it has been indicated that visual, i.e. 
external, guidance plays an important role in the execution of 
goal directed movements after lesion of the substantia nigra. 
Viallet etal. (255) have designed two experiments in order to 
compare the targeting movements of monkeys with unilateral 
ablation of the substantia nigra. In the first experiment, the 
animals had to point at a stationary target while visually con-
trolling the limb movement. In the second experiment they had to 
execute the pointing movements without continuously guiding the 
limb movement by visual information. The absence of continuous 
visual feedback resulted in an increased latency and a decreased 
accuracy; the finger felt short of the target. Substantia nigra 
ablation did not disturb the visually guided targeting movements. 
Viallet etal. (255) have hypothesized that externally guided 
targeting movements take over from non-externally guided tar-
geting movements in pointing movements after ablation of the 
substantia nigra. 
Previous recording studies (108, 109, 129, 130, 146, 147, 220), 
using different experimental set-ups, have provided evidence that 
the substantia nigra pars reticulata is involved in the oc-
currence of goal directed arm- and eye- (visually elicited sac-
cades) movements that are elicited but not continuously guided by 
external stimuli, i.e. movements which can be classified as 
non-externally guided targeting movements. Cells in this area 
typically show high background discharge rates (108, 129, 130, 
220). Before the onset of the latter non-externally guided 
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targeting arm- and eye movements, however, the discharge rate in 
some cells of the SNR decreases (108, 109, 129, 130, 146, 147). 
The involvement of the SNR in the execution of non-externally 
guided targeting movements is nicely illustrated by the work of 
Schultz (220). Electrophysiological properties of SNR neurons 
were studied with extracellular recordings from single neurons in 
monkeys performing in a behavioural GO NO-GO test. For 
initiation of a trial, the animal sitting in a primate chair had 
to keep its hand relaxed on a key, i.e. a metal bar. Each trial 
was initiated by a 100 msec long tone. This was followed by 
illumination of either a green or a red light emitting diode, 
indicating the GO or NO GO situation respectively. The lights 
were placed 10 mm above each other at the animal's eye level at 
19 degrees laterally. While the light stayed on, and at 1.5- 5 
sec after the tone the door of a food containing box opened with 
a characteristic sound. The foodbox was placed at eye level at 
27 degrees laterally. In the GO situation, when the green light 
was illuminated, the animal had to release the holding key after 
door opening and reach into the box in order to take the food. 
In the NO GO situation, when the red light was illuminated, the 
animal had to keep the hand on the key after the door had opened. 
Frequently, the monkey executed foodbox directed eye movements in 
the form of one horizontal saccade between door opening of the 
foodbox and onset of the arm movement. Most saccades even 
preceded the onset of the EMG activity of the arm muscles which 
itself preceded key release. Thereupon, fixation was on the 
foodbox until the hand had left it. Consequently, in this set-up 
many arm movements may have been guided by visual information. 
In line with the above mentioned studies, changes of neuronal 
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activity related to the horizontal saccades were observed in the 
form of reductions of activity in cells of the SNR. 
Interestingly, however, no consistent changes in neuronal 
activity related to the arm movements were observed in the cells 
of the SNR; some neurons showed a decrement, whereas other 
showed an increment in neuronal activity. 
Previously it has been found (109) that every cell in the SNR, 
decreasing the discharge rate before the onset of visually 
elicited saccades (non-externally guided targeting eye movements) 
can be activated antidromically from the dl-SC. SNR cells which 
do not show such responses are rarely activated antidromically. 
This finding suggests that activity in the SNR is conveyed to the 
dl-SC. Whereas SNR cells show a decrease in discharge rate 
before the onset of these non-externally guided targeting move-
ments, the discharge rate of cells in the dl-SC increases in re-
lation to these goal directed movements (see also 2.1.2). So, 
before the onset of non-externally guided targeting movements the 
deep collicular and nigral neuronal activities are organized in a 
mirror-image way. 
Normally, tonic inhibition from the SNR reduces the discharge 
rate of the dl-SC cells (see 1.2.4 and 2.2.1); any excitatory 
input to the dl-SC will be attenuated by this inhibition. As a 
matter of fact, experimentally increasing the SNR exerted 
inhibition on the dl-SC by stimulation of the former area results 
in a suppression of deep collicular discharges evoked by pe-
ripheral tactile stimuli (29). Before the onset of goal directed 
movements that are elicited but not continuously guided by 
external stimuli, i.e. movements which can be classified as 
106 
non-externally guided targeting movements, however, the SNR 
neurons are suggested to exert a gating effect on the collicular 
neurons via a disinhibitory mechanism (29, 109, 133). Put 
another way, before these targeting movements a subset of SNR 
cells, exhibiting a phasic arrest of their tonic spontaneous 
discharge, are suggested to release the dl-SC cells from the 
tonic inhibition. This disinhibition will increase the ex-
citability and enhance the reactivity of dl-SC neurons to sen-
sory input (29, 109, 130). 
In addition, it has been found that the GABA-ergic activity in 
the SNR plays a part in directing the reactivity of deep 
collicular neurons to sensory input (30); intranigral 
application of GABA which transiently abolishes the tonic 
discharge of SNR neurons causes dl-SC cells to discharge vig-
orously. During this period of increased excitability, the re-
sponsiveness of deep collicular cells to somatosensory, i.e. 
external, input is significantly enhanced (30). 
Interestingly, manipulation of the GABA-ergic activity in the SNR 
affects the execution of non-externally guided targeting move-
ments. 
Application of muscimol, a GABA-ergic agonist, into the SNR of 
monkeys facilitates the initiation of visually elicited saccades, 
i.e. non-externally guided targeting eye movements (111, 113). 
The latency of these saccades decreases and the velocity 
increases. SNR application of muscimol also influences the 
saccade amplitude (113). 
An interesting effect of intranigral application of Picrotoxin, a 
GABA-ergic antagonist, has recently been observed by Heim etal. 
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(101). Cats were trained to walk on a moving running belt on 
which small obstacles (bars 1.0 cm heigth, 2.0 cm width, and 25 
cm length) were mounted at irregular distances. Cats usually try 
to avoid touching the obstacles. In the experiments designed by 
Heim etal. (101) touching the obstacles was denoted as faults. 
Cats injected with Picrotoxin into the SNR performed better than 
the solvent treated cats. Picrotoxin decreased the number of 
faults. Observation of the cats revealed an interesting aspect 
to the way they performed the required task. Whereas solvent 
treated cats stepped over the obstacles without continuously 
tracking them, Picrotoxin treated cats permanently fixated the 
incoming bars before stepping over. So, after injection of 
Picrotoxin into the SNR, externally guided movements seem to take 
over from non-externally guided movements in cats avoiding the 
obstacles. 
The studies mentioned above provide evidence that the SNR is 
involved in the execution of non-externally guided targeting 
movements. Some studies (see above) suggest that the GABA-ergic 
activity in this area plays a part in the exhibition of the lat-
ter targeting movements. 
In the chapters 3, 4 and 5 the role of the GABA-ergic SNR 
activity is investigated in the execution of non-externally 
guided targeting movements in which other parts of the body than 
the eyes are involved. Chapter 8 deals with the way the SNR 
contributes to the initiation of these targeting movements. 
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2.2.3 HOVEHEHTS SPECIFIC FOR 
THE SUBSTANTIA NIGRA PARS RETICULATA 
The discharge rate of neurons in the SNR not only changes in 
relation to the onset of non-externally guided targeting 
movements (see 2.2.2). 
Both in the conscious cat (221, 259) and monkey (50) it has been 
found that responses of SNR neurons are related to the occurrence 
of self-generated (non-targeting) limb movements and associated 
with manipulation of muscles, joints and tendons. Based on 
recent findings (36, 101, 225, 265), it has been hypothesized 
that the SNR not only plays a role in the occurrence of 
non-externally guided targeting movements (see 2.2.2), but also 
is involved in another type of movement (37, 38). Injection of 
Picrotoxin, a GABA-ergic antagonist, into the feline SNR evokes 
hindlimb deficits, i.e. the cats are unable to retract their 
hindlimbs when their forelimbs are put on a bar that is placed 2m 
above the floor (36, 37, 38, 265). SNR application of Picrotoxin 
also evokes freezing in cats placed in a familiar open-field 
situation, i.e. the animals are froozen on the spot, often in an 
abnormal asymmetrical body position (36, 265). Both effects 
(hindlimb deficits and freezing), being antagonized by muscimol, 
are GABA specific and locus specific. In line with the latter 
findings, intranigral application of Picrotoxin has also been 
found to induce the characteristic freezing in cats placed on a 
stationary running belt (101, 225). When the belt starts, 
however, the cats injected with Picrotoxin into the SNR 
immediately initiate locomotion and maintain walking at constant 
speed without any observable disturbance of body position. After 
stopping the belt, the animals freeze in their last walking 
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position for almost one minute before sitting down, whereupon 
they once again exhibit freezing. This Picrotoxin induced effect 
is also attenuated by muscimol. 
On the basis of these findings it has been suggested (38) that 
cats on a moving belt can use a flow of continuously changing 
(dynamic) proprioceptive stimuli, i.e. stimuli originating in 
muscles, joints and organs of balance in the ears (20), for 
adjusting the body position. Additionally, it has been 
speculated (37, 38) that decreasing the GABA-ergic SNR activity 
reduces the feline ability to adjust the body position with the 
help of static, i.e. not continuously changing, proprioceptive 
stimuli, leaving intact the feline ability to adjust the body 
position with the help of dynamic proprioceptive stimuli. 
Whereas the studies mentioned above concern with the role of the 
GABA-ergic SNR activity in adjusting the body position with the 
help of proprioceptive stimuli, in chapter 5 the role of the 
GABA-ergic SNR activity is investigated in the occurrence of 
movements that use proprioceptive stimuli for their execution. 
In chapter 4 it is examined whether the above mentioned nigra 
specific information, about adjusting the body position, is 
channelled through the dl-SC. As mentioned before (see 1.2.4 and 
2.2.1), the SNR projects to the dl-SC via GABA-ergic nigrotectal 
fibers. Since deep collicular application of neither Picrotoxin 
nor muscimol induces hindlimb deficits or the characteristic 
freezing symptoms, suggested to be the consequence of an 
inability to use static proprioceptive stimuli for adjusting the 
body position (38, see also above), it is hypothesized that the 
dl-SC is not involved in the expression of the latter nigra 
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specific effects (38). This hypothesis is tested in chapter 4. 
In chapter 5 it is investigated whether SNR specific information 
about the programming of movements that use proprioceptive 
stimuli for their execution is funnelled through the dl-SC. 
2.3.1 THE STRIATUM: EFFERENT CONNECTIONS 
The striatum, formed by the caudate nucleus and the putamen, is 
generally regarded as the major receptive portion of the basal 
ganglia (25, 26, 51, 59, 91). In contrast to the huge amount of 
afférents, only a small number of striatal efferents exits. The 
striatal afférents will not be discussed here, since it is beyond 
the scope of this chapter. The striatal efferents will only be 
described as far as it concerns the anatomical underpinning of 
the experiments described in this thesis (chapters 6 and 7). For 
review on the striatal afferent and efferent connections see 
Carpenter (25), Carpenter (26), De Long and Georgopoulos (51), 
Graybiel and Ragsdale (90), Graybiel and Ragsdale (91), 
Nieuwenhuys (178), Niewenhuys (179). 
The outflow of the striatum is directed massively, if not 
exclusively, at the SNR and the (external and internal segments 
of the) globus pallidus (9, 25, 26, 51, 52, 59, 80, 90, 91, 152, 
179, 183, 202, 223). The latter segment of the globus pallidus 
is equivalent to the entopeduncular nucleus in non-primate 
mammals. 
More specifically, in the cat the vast majority of striatal 
neurons does not send collateral branches of their axons to more 
than one striatal target structure. Put another way, in the cat 
striatal outputs to globus pallidus, entopeduncular nucleus and 
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SNR appear to come largely from different populations of neurons 
(9). These results are inconsistent with findings in the rat 
brain. Loopuyt and Van der Kooy (152) have found that 
approximately 40% of the cells in the rat's caudato-putamen 
complex send collaterals to both the SNR and the globus pallidus. 
Striatal neurons that project to only the SNR or only the globus 
pallidus were observed clustering together in patches (152). The 
findings in the primate brain are consistent with the above 
mentioned report on the feline brain; striatal outputs to target 
structures come largely from different populations of neurons 
(69, 186, 223). Moreover in the monkey brain a territorial 
dissociation of striatal cells has been observed in such a way 
that those cells which project to the SNR are located mainly in 
the caudate nucleus, whereas those which project to the globus 
pallidus are located mainly in the putamen (186, 223, see also; 
2.2.1). Recently, Beckstead and Cruz (9) have confirmed the 
occurrence of projection neuron clusters in the striatum of the 
cat. However, they have not found a restriction of the globus 
pallidus and the SNR projection neurons to, respectively, the 
putamen and caudate nucleus. On the contrary, large numbers of 
cells in both striatal nuclei have been found to project to the 
SNR, globus pallidus and the entopeduncular nucleus. None-
theless, a general tendency has been observed for nigral and en-
topeduncular projecting neurons to occur at highest density in 
the dorsal part of the caudate head (see also; 136). Globus 
pallidus projecting cells have their highest density in a more 
ventral portion of the head of the caudate nucleus (9). 
Moreover, whereas nigral and entopeduncular projecting cells are 
common at caudal levels of the caudate nucleus and putamen, the 
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globus pallidus projecting cells are largely absent at caudal 
levels of both striatal nuclei (9). Beckstead and Cruz (9) 
stress, however, that these regional differences in the feline 
brain are very general, and that the striatal cells which project 
to the three target structures overlap and intermingle ex­
tensively in most parts of the striatum. 
Some striato-nigral fibers contain substance-P as neuro­
transmitter (rat: 33, 82, 103, 125, 142, 164, 190, 236; cat: 
10, 190; man: 97, 153; for review: 25, 65, 91). Others 
contain dynorphin (rat: 33, Θ2, 103, 148, 164, 190; man: 97). 
GABA is also known to be a neurotransmitter in striato-nigral 
fibers (rat: 5, 22, 33, 82, 190, 236; cat: 71, 190, 247; man: 
97; for review: 25, 65, 78, 91, 208). 
Several lines of evidence support the view that the striatum 
exerts an inhibitory influence on the SNR, which is brought about 
by GABA. Stimulation of the striatum causes inhibition of firing 
in neurons of the SNR (269), an effect which is blocked by 
Picrotoxin (192) and reproduced by micro-iontophoresis of GABA 
into the SNR (70, see also; 60, 140). 
Moreover, it has been found that the striatum controls the 
GABA-turnover in the SNR. Chronic inhibition of striatal do­
pamine receptors by haloperidol (77, 78, 118 see also; 132) or 
destruction of the striatum (138) result in a decrement of the 
GABA-ergic activity in the SNR. 
The striatum, however, not only exerts influence on the nigral 
neurons (see above), but also affects the neuronal activity in 
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the dl-SC. Recently, it has been reported (30, 31) that the 
striatum exerts a facilitatory influence on deep collicular 
neurons by releasing these cells from tonic inhibitory nigral 
influence. 
Moreover, it has been found that the striatal dopamine receptors 
control the GABA turnover in the dl-SC. Stimulation of the 
striatal dopamine receptors results in a decrement of the GABA 
turnover in the dl-SC. This effect is mediated via GABA release 
in the SNR (165). 
2.3.2 THE STRIATUM AND 
NON-EXTERNALLY GUIDED TARGETING MOVEMENTS 
Previously, striatal neurons have been found that fire pref-
erently during movements that have strong sensory involvements, 
rather than during all movements (154, 155). 
Additionally, severe sensory-motor deficits have been observed 
after striatal lesions (3, 61, 102, 151, 157, 15Θ, 159, 252). 
These findings suggest that the striatum is involved in 
sensory-motor behaviour (for review: 60, 123, 141, 149, 21Θ, 
256). Recent findings (66, 115, 116) have even suggested that 
the striatum, and especially the caudate nucleus, is involved in 
the execution of non-externally guided targeting movements. 
Hikosaka and Sakamoto (115) have designed an experiment to record 
cell activity in the monkey caudate nucleus preceding visually 
elicited saccadic eye movements. The monkey fixated a visual 
target and, if the target jumped, followed it by making a 
saccade. As is typical for most caudate neurons, the cells show 
only sporadic spontaneous discharge. Before the contralateral 
saccade to the visual target, however, a group of cells showed 
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spike discharges. This activity was related to the saccade 
rather than the onset of the target, but was conditional in that 
it was unrelated to spontaneous saccades which were made without 
a particular target (see also; 116). 
In addition, recently a high and negative correlation has been 
obtained from the association of striatal dopamine depletion and 
the ability to execute targeting movements which are elicited but 
not continuously guided by somatosensory stimuli, i.e. greater 
dopamine depletions are associated with greater reductions in the 
capacity to execute the latter targeting movements (66). Based 
on these findings it has been hypothesized that the ability to 
execute the latter targeting movements is dependent upon the 
integrity of the dopaminergic transmission in the striatum (66). 
The striatum is suggested to affect goal directed movements that 
are elicited but not continuously guided by external stimuli by 
releasing the neurons in the dl-SC from tonic inhibitory nigral 
influence (see 2.2.2) and thereby enhancing their reactivity to 
sensory stimuli. Put another way, the striatum is assumed to 
promote goal directed movements which, according to the latter 
definition, can be classified as non-externally guided targeting 
movements by disinhibiting the dl-SC neurons. The GABA-ergic 
striato-nigro-collicular pathway is suggested to mediate these 
striatal effects (29, 30, 31, 115, 116, 130). 
Recently, it has been suggested that striatal dysfunctioning not 
only affects non-externally guided targeting movements, i.e. 
movements in which both the dl-SC and the SNR (see 2.2.2.) are 
involved, but also movements specific for the SNR (see 2.2.3). 
Йоге specific, indirect evidence has been provided that 
increasing the striatal dopamine deficiency may progressively 
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interfere with movements originating from structures downstream 
from the striatum, i.e. the SNR and the dl-SC (37, 38, cf. 21). 
This hypothesis is investigated in chapter 6. 
Since the dopaminergic activity in the striatum controls the 
GABA-ergic activity in the dl-SC (a decrement of the striatal 
dopaminergic activity results in an increment of the GABA-ergic 
dl-SC activity and vice versa; see 2.3.1) an experiment is 
designed (chapter 6) to investigate whether decreasing the 
GABA-ergic activity in the dl-SC attenuates the deficits in the 
execution of non-externally guided targeting movements resulting 
from striatal dopamine deficiency (see also; 193). 
2.3.3 MOVEMENTS SPECIFIC FOR THE CAUDATE NUCLEUS; 
SWITCHING ARBITRARILY 
According to our present state of knowledge, the striatum is far 
from homogeneous. The striatal heterogenity, which finds ex-
pression on several (anatomical, pharmacological, neurochem-
ical) levels (35, 39, 180), will not be discussed here since it 
is beyond the scope of this thesis. 
In the present paragraph merely one (nigrostriatal) behavioural 
effect, which has been called "switching arbitrarily", i.e. 
switching from one motor or behavioural program to another 
without the help of external stimuli that provide information 
about the required switching (12, 34, 37, 38, 127, 258), will be 
discussed. Using different set-ups it has been found that 
especially the integrity of the dopaminergic nigrostriatal 
activity is required for switching arbitrarily. Increasing the 
dopaminergic nigrostriatal activity increases the execution of 
switching arbitrarily behavioural programs (34, 258), whereas 
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decreasing the nigroEtriatal dopaminergic activity reduces the 
occurrence of switching arbitrarily both behavioural (34, 25Θ) 
and motor (127) programs (cf. 215). The latter phenomenon is 
nicely illustrated by the food dispenser test (127), measuring 
the capacity of cats to switch motor programs on a running belt 
of a treadmill in order to get access to food pellets delivered 
from a food dispenser being attached to one end of the treadmill. 
Cats walking in the middle of the treadmill could not see the 
food. In order to collect the pellets, the animals had to switch 
the walking pattern in a typical way; 1. acceleration of 
walking in order to reach the front of the food dispenser and, 2. 
gait transition, i.e. altering the interlimb coordination by 
decreasing the step-length of the forelegs and increasing the 
step-length of the hindlegs while walking in front of the food 
dispenser. The cats could switch motor programs with the help of 
external stimuli, i.e. looking at the food dispenser, or 
touching the front panel or food dispenser before switching, or 
without the help of external stimuli (switching arbitrarily). 
Application of haloperidol, a dopaminergic antagonist (20, 124), 
into the rostromedial part of the caudate nucleus where the 
postsynaptic receptors of the dopaminergic nigrostriatal fibers 
are located decreased switching arbitrarily. Instead, the cats 
switched from one motor pattern to another with the help of 
external stimuli in order to get access to the food pellets 
(127). 
Using the same set-up, it has recently (101) been found that 
decreasing the GABA-ergic activity in the SNR completely 
abolishes the occurrence of switching arbitrarily. This 
demonstrates that switching arbitrarily is funnelled through the 
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GABA-ergic striato-nigral fibers. As mentioned before (see 
1.2.4), the SNR projects to the dl-SC via GABA-ergic nigrotectal 
fibers. Since various behavioural effects, that can be induced 
by dopaminergic agents into the caudate-putamen complex, i.e. 
circling and tonic EMG activity, a measure for muscular rigidity, 
are channelled through the SNR (EMG activity: 64, circling: 53, 
55, 79, 120, 137) and the dl-SC (EMG activity: 64, circling: 
56, 120, 121, 137, 171), it is hypothesized that switching 
arbitrarily is also funnelled through the dl-SC. 
In chapter 7 a start is made with analysing the putative in-
volvement of the dl-SC in channelling this caudate specific 
information. 
118 
2.4 REFERENCES 
1 Afifi, A.К., Bahuth, N.B., Kaelber, W.W., Mikhael, E. 
and Nasser, S., The corticonigral fiber tract. An 
experimental Fink-Heimer study in cats, J. Anat., 118 
(1974) 469-476. 
2 Anderson, M. and Hitsuo, Y., Electrophysiological 
evidence for branching nigral projections to the 
thalamus and the superior colliculus, Brain Res., 137 
(1977) 361-364. 
3 Apicella, P., Legallet, E., Nieoullon, A. and Trouche, 
E., Differential time course of reaction time recovery 
depending on variations in the amplitude of a goal 
directed movement after nigrostriatal lesion in monkeys, 
Neurosci. Lett., 6Θ (1986) 79-84. 
4 Apter, J.T., Eye movements following strychninization 
of the superior colliculus of cats, J. Neurophysiol., 
9 (1946) 73-86. 
5 Araki, M., McGeer, P.L. and McGeer, E.G., Striatonigral 
and pallidonigral pathways studied by a combination of 
retrograde horseradish peroxidase tracing and a pharmaco-
histochemical method for gamma-aminobutyric acid trans­
aminase, Brain Res., 331 (1985) 17-24. 
6 Arduini, Α., Corazza, R. and Marzolle, p.. Relationships 
of the neuronal activity of the superior colliculus 
to eye movements in the cat. Brain Res., 73 (1974) 
473-481. 
7 Barnes, P.J., Smith, L.M. and Latto, R.H., Orientation 
to visual stimuli and the superior colliculus in the rat, 
Q. J. Exp. Psychol., 22 (1970) 239-247. 
119 
8 Beckstead, R.M., Domesick, V.B. and Nauta, W.J.H., 
Efferent connections of the substantia nigra and ventral 
tegmental area in the rat, Brain Res., 175 (1979) 
191-217. 
9 Beckstead, R.M. and Cruz, C.J., Striatal axons to the 
globus pallidus, entopeduncular nucleus and substantia 
nigra come mainly from separate cell populations in the 
cat, Neurosci., 19 (19Θ6) 147-158. 
10 Beckstead, R.M., Striatal substance-F cell clusters 
coincide with the high density terminal zones of the 
discontinuous nigrostriatal dopaminergic projection 
system in the cat; a study by combined immunohisto-
chemistry and autoradiographic axon tracing, Neurosci., 
20 (1987) 557-576. 
11 Bentovoglio, M., Van der Kooy, D. and Kuypers, H.G.J.H., 
The organization of the efferent projections of the 
substantia nigra in the rat. A retrograde fluorescent 
double labeling study, Brain Res., 174 (1979) 1-17. 
12 Bereken v.d., J.H.L. and Cools, A.R., Evidence for a role 
of the caudate nucleus in the sequential organization of 
behaviour, Behav. Brain Res., 4 (1982) 319-337. 
13 Berlucchi, G., Sprague, J.H., Levy, J. and Bernadino, D., 
Pretectum and superior colliculus in visually guided 
behaviour and in flux and form discrimination in the cat, 
J. Comp. Physiol. Psychol. Monograph., 78 (1972) 123-172. 
14 Berthoz, Α., Grantyn, A. and Droulez, J., Some collicular 
efferent neurons code saccadic eye velocity, Neurosci. 
Lett., 72 (1986) 289-294. 
15 Bizzi, E., Kalil, R.E. and Tagliasco, V., Eye head 
120 
coordination in monkeys: evidence for centrally patterned 
organization. Science, 173 (1971) 452-454. 
16 Bizzi, E. , Kalil, R.E. and Horasso, P., Two modes of 
active eye-head coordination in monkeys, Brain Res., 
40 (1972) 45-48. 
17 Bizzi, E., Eye-head coordination. In: J.M. Brookhart 
and V.B. Mountcastle (Eds), Handbook of physiology, 
section 1, volume 2, motor control, part 2 the nervous 
system, American Physiological Society, Bethesda, 1981, 
pp. 1321-1336. 
18 Blake, L., The effects of lesions of the superior 
colliculus on brightness and pattern discrimination in 
the cat, J. Comp. Physiol. Psychol., 52 (1959) 272-278. 
19 Blakemore, C. and Donaghy, Μ., Co-ordination of head 
and eyes in the gaze changing behaviour of cats, J. 
Physiol., 300 (1980) 317-335. 
20 Bowman, W.C. and Rand, M.J., Textbook of pharmacology, 
Backwell Scientific Publishers, Oxford, 1980. 
21 Brooks, B.A., Fuchs, A.F. and Finocchi, J., Saccadic eye 
movement deficits in the MPTP monkey model of Parkinson's 
disease, Brain Res., 383 (1986) 402-407. 
22 Bunney, B.S. and Aghajanian, G.K., The precise localization 
of nigral afférents in the rat as determined by a 
retrograde tracing technique, Brain Res., 117 (1976) 
423-435. 
23 Butter, M.C., Weinstein, С , Bender, D.B. and Gross, e.G., 
Localization and detection of visual stimuli following 
superior colliculus lesions in rhesus monkey, Brain Res., 
156 (1978) 33-49. 
121 
24 Carpenter, M.B., Anatomical organization of the corpus 
striatum and related nuclei. In: H.D. Yahr (Ed), The basal 
ganglia. Raven Press, New York, 1976, pp. 1-35. 
25 Carpenter, M.B., Anatomy of the corpus striatum and 
brainstem integrating systems. In: J.N. Brookhart and V.B. 
Mountcastle (Eds) Handbook of Physiology, section 1, the 
nervous system, volume 2, part 2 motor control, American 
Physiological Society, Bethesda, 1981, pp. 947-995. 
26 Carpenter, И.В., Interconnections between the corpus 
striatum and brainstem nuclei. In: J.S. McKenzie, R.E. 
Kemra and L.N. Wilcock (Eds), The basal ganglia: structure 
and function. Plenum Press, New York, 1984, pp. 1-68. 
27 Casagrande, V.A., Harting, J.K., Hall, W.C. and Diamond, 
I.e., Superior colliculus of the tree shrew: a structural 
and functional subdivision into superficial and deep 
layers. Science, 177 (1972) 444-447. 
28 Chalupa, L.M., Visual physiology of the mammalian 
superior colliculus. in: H. Vanegas (Ed), Comparative 
neurology of the optic tectum. Plenum Press, New York, 
1984, pp. 775-808. 
29 Chevalier, G., Vacher, S. and Deniau, J.M., Inhibitory 
nigral influence on tectospinal neurons: a possible 
implication of basal ganglia in orienting behaviour, Exp. 
Brain Res., 53 (1984) 320-326. 
30 Chevalier, G., Vacher, S., Deniau, J.M. and Desban, П., 
Disinhibition as a basic process in the expression of 
striatal functions. 1. The striato-nigral influence on 
tecto-spinal and tecto-diencephalic neurons, Brain 
Res., 334 (1985) 215-226. 
12 2 
31 Chevalier, G. and Deniau, J.M., Disinhibition: a 
physiological process underlying basal ganglia influence 
on motor syteras. 1. The striato-nigral influence on tecto­
spinal neurons, Neurosci. Lett., suppl. 22 (1965) S 280. 
32 Childs, J.A. and Gale, K., Neurochemical characterization 
of the nigrotegmental projections in the rat, Soc. 
Neurosci. Abstr., 64 (19Θ1) 21. 
33 Christensson-Nylander, I., Herrera-Marschitz, Μ., Staines, 
W., Hokfelt, T., Terenius, L., Ungerstedt, U. , Cuello, С , 
Oertel, W.H. and Goldstein, Μ., Striato-nigral dynorphin 
and substance-P pathways in the rat. Biochemical and 
immunohistochemical studies, Exp. Brain Res., 64 (19Θ6) 
169-192. 
34 Cools, A.R., Role of the nigrostriatal dopaminergic 
activity in sequencing and selecting behavioural strategies: 
facilitation of processes involved in selecting the best 
strategy in a stressful situation, Behav. Brain Res., 1 
(1980) 361-378. 
35 Cools, A.R. and Van Rossum, J.M., Multiple receptors 
for brain dopamine in behaviour regulation: concept of 
dopamine-Ε and dopamine-I receptors, Life Sci., 27 
(1980) 1237-1253. 
36 Cools, A.R., Japers, R., Kolasiewicz, W., Sontag, K-Η. and 
Wolfarth, S., Substantia nigra as a station that not only 
transmits but also transforms incoming signals for its 
behavioural expression: striatal dopamine and GABA 
mediated responses pars reticulata neurons, Behav. 
Brain Res., 7 (1983) 39-49. 
37 Cools, A.R., Jaspers, R., Schwarz, M., Sontag, K-H., 
123 
Vrijmoed-de Vries, M. and Bereken v.d., J., Basal ganglia 
and switching motor programs. In: J.S. McKenzie, R.E. Kemm 
and L.N. Wilcock (Eds), Basal ganglia: structure and 
function. Plenum Press, New York, 1984, pp. 513-544. 
38 Cools, A.R., Brain and Behaviuur: hierarchy of feedback 
systems and control of input. In: P.P.G. Bateson and P.H. 
Klopfer (Eds), Perspectives in ethology, vol 6, Plenum 
Press, New York, 1985, pp. 109-168. 
39 Cools, A.R., clinical neuropharmacology of the basal 
ganglia. In: P.J. Vinken, G.W. Bruyn and H.L. Klawans (Eds) 
Handbook of clinical neurology, vol 5: Extrapyramidal 
disorders, Elsevier Science Publishers, Amsterdam 
1986 pp. 47-63. 
40 Crommelinck, M., Guitton, D. and Roucoux, Α., Retinotopic 
versus spatial coding of saccades: clues obtained by 
stimulating deep layers of cat's superior colliculus. In: R. 
Baker and A. Berthoz (Eds), Control of gaze by brainstem 
neurons. Developments in neuroscience, vol 1, Elsevier 
Biomedical Press, North Holland, 1977, pp. 425-435. 
41 Dean, P. and Key, Ch., Spatial deficits on radial maze 
after large tectal lesions in rats; possible role of 
impaired scanning. Beh. Neur. Biol., 32 (1981) 170-190. 
42 Dean, P. and Pope, S.G., Visual discrimination learning 
in rats with lesions of superior colliculus: door push 
and approach errors in modified jumping stand, Q. J. 
Exp. Psychol., 33B (1981) 141-157. 
43 Dean, P. and Redgrave, P., The superior colliculus and 
visual neglect in rat and hamster 1, Behavioural evidence, 
Brain Res. Rev., 8 (1984) 129-142. 
124 
44 Dean, P. and Redgrave, P., The superior colliculus and 
visual; neglect in rat and hamster 2, Possible mechanisms, 
Brain Res. Rev., β (1984) 143-154. 
45 Dean, P. and Redgrave, P., The superior colliculus and 
visual neglect in rat and hamster 3, Functional 
implications, Brain Res. Rev., 8 (1984) 155-163. 
46 Dean, P., Redgrave, P., Sahibzada, N. and Tsuji, K., Head 
and body movements produced by electrical stimulation of 
superior colliculus in rats: role of crossed tectoreticulo-
spinal pathway, Neurosci. Lett., suppl. 24 (19Θ6) S 31. 
47 Dean, P., Redgrave, P., Sahibzada, N. and Tsuji, K., Head 
and body movements produced by electrical stimulation of 
superior colliculus in rats: effects of interruption of 
crossed tectoreticulospinal pathway, Neurosci., 19 
(1986) 367-380. 
48 Deniau, J.M., Lackner, D. and Feger, J., Effect of 
substantia nigra stimulation on identified neurons in 
the VL-VA thalamic complex; comparison between intact 
and chronically decorticated cats. Brain Res., 145 
(1978) 27-35. 
49 Deniau, J.H., Kitai, S.T., Donoghue, J.P. and Grofova, I., 
Neuronal interactions in the substantia nigra pars 
reticulata through axon collaterals of the projection 
neurons. An electrophysiological and morphological study, 
Exp. Brain Res., 47 (1982) 105-113. 
50 De Long, H.R. and Georgopoulos, A.P., Motor functions of the 
basal ganglia as revealed by studies of single cell activity 
in the behaving primate. In: L.J. Poirier, T.L. Sourkes 
and P.J. Bedard (Eds), Advances in neurology, vol 24, Raven 
125 
Press, New York, 1979, pp. 131-140. 
51 De Long, M.R. and Georgopoulos, A.P., Motor functions of 
the basal ganglia. In: J.M. Brookhart and V.B. Mountcastle 
(Eds), Handbook of physiology, section 1, vol 2, the 
nervous systems, part 2, motor control, American 
Physiological Society, Bethesda, 1981, pp. 1017-1061. 
52 De Long, M.R., Alexander, G.E., Mitchell, S.J. and 
Richardson, R.T., The contribution of basal ganglia to limb 
control. In: Η-J. Freund, E. Buttner, в. Cohen and J. Noth 
(Eds), Progress in brain research, vol 64, Elsevier Science 
Publishers, Amsterdam, 1986, pp. 161-174. 
53 Dichiara, G., Morelli, M., Porceddu, M.L. and Gessa, G.L., 
Evidence that nigral САВА mediates behavioural responses 
elicited by striatal dopamine receptor stimulation. Life 
Sci., 23 (1978) 2045-2052. 
54 Dichiara, G., Porceddu, M.L., Morelli, M., Muías, M.L. and 
Gessa, G.L., Evidence for a GABA-ergic projection from the 
substantia nigra to the ventromedial thalamus and to the 
superior colliculus of the rat, Brain Res., 176 (1979) 
273-284. 
55 Dichiara, G., Porceddu, M.L., Morelli, M., Muías, M.L. and 
Gessa, G.L., Substantia nigra as an output station for 
striatal dopaminergic responses: role of a GABA mediated 
inhibition of pars reticulata neurons, Naunyn-Schmiedeberg's 
Arch. Pharmacol., 306 (1979) 153-159. 
56 Dichiara, G., Morelli, M., Imperato, A. and Porceddu, M.L., 
A re-evaluation of the role of the superior colliculus in 
turning behaviour. Brain Res., 237 (1982) 61-77. 
57 DiScala, G., Schmitt, P. and Karli, P., Unilateral injection 
126 
of GABA agonists in the superior colliculus: asymmetry 
to tactile stimulation, Pharmacol. Biochem. Behav., 19 
(19Θ3) 281-285. 
58 Doraesick, v.В., The topographical organization of the 
striatonigral connection in the rat, Anat. Ree, 187 (1977) 
567. 
59 Dray, Α., The striatum and substantia nigra: a commentary 
on their relationships, Neurosci., 4 (1979) 1407-1439. 
60 Dray, A., The physiology and pharmacology of mammalian basal 
ganglia, Prog. Neurobiol., 14 (1980) 221-335. 
61 Dunnett, S.B. and Iversen, S.D., Sensorimotor impairments 
following localized kianic acid 6-hydroxydopamine lesions of 
the neostriatum, Brain Res., 248 (1982) 121-127. 
62 Dyer, R.S., Marino, M.F., Johnson, С and Kruggel, T., 
Superior colliculus lesions do not impair orientation to 
pattern. Brain Res., 112 (1976) 176-179. 
63 Ellard, C.G. and Goodale, M.A., The role of the predorsal 
bundle in head and body movements elicited by electrical 
stimulation of the superior colliculus in the mongolian 
gerbil, Exp. Brain Res., 64 (1986) 421-433. 
64 Ellenbroek, B, Schwarz, M., Sontag, К-н. and Cools, A.R., 
The importance of the striato-nigro-collicular pathway 
in the expression of haloperidol induced tonic electromyo­
graphic activity, Neurosci. Lett., 54 (1985) 
189-194. 
65 Fagg, G.E. and Foster, A.C., Amino acid neurotransmitters 
and their pathways in the mammalian central nervous system, 
Neurosci., 9 (1983) 701-719. 
66 Fairley, P.C. and Marshall, J.F., Dopamine in the lateral 
127 
caudate-putamen of the rat is essential of somatosensory 
orientation, Behav. Neurosci., 100 (19Θ6) 652-663. 
67 Faull, R.L.M. and Hehler, W.R., The cells of origin of 
nigrotectal, nigrothalamic and nigrostriatal projections in 
the rat, Neurosci., 3 (1978) 989-1002. 
68 Faull, R.L.M., Nauta, W.J.H, and Domesick, V.B., The visual 
cortico-striato-nigral pathway in the rat, Neurosci., 19 
(1986) 1119-1132. 
69 Feger, J. and Grossman, A.R., Identification of different 
subpopulations of nigrostriatal neurons projecting to globus 
pallidus or substantia nigra in the monkey: a retrograde 
fluorescence double labelling study, Neurosci. Lett., 
49 (1984) 7-12. 
70 Feltz, P., Gamma-amino butyric acid and a caudato nigral 
inhibition. Can. J. Phys. Pharmacol., 49 (1971) 1113-1115. 
71 Fisher, R.S., Buchwald, N.A., Hull, C D . and Levine, H.S., 
The GABA ergic striato-nigral neurons of the cat: 
demonstration by double peroxidase labeling. Brain Res., 398 
(1986) 148-156. 
72 Flowers, K.A., Visual "closed-loop" and "open-loop" 
characteristics of voluntary movement in patients with 
Parkinsonism and intension tremor, Brain, 99 (1976) 
269-310. 
73 Foreman, N., Dlstractibility following simulaneous bilateral 
lesions of superior colliculus or medial frontal cortex 
in the rat, Behav. Brain Res., 8 (1983) 177-194. 
74 Francois, C , Percheron, G. and Yelnik, J., Localization 
of nigrostriatal, nigrothalamic and nigrotectal neurons in 
in ventricular coordinates in macaques, Neurosci., 13 
12Θ 
(1984) 61-76. 
75 Fuchs, A.F., Kaneko, C.R.S. and Scudder, CA., Brainstem 
control of saccadic eye movement, Ann. Rev. Neurosci., 
θ (19Θ5) 307-337. 
76 Fuller, J.H., Haldonado, Η. and Schlag, J., Vestibular-
oculomotor interaction in cat eye-head movements, Brain 
Res., 271 (1983) 241-250. 
77 Gale, K., Chronic blockade of dopamine receptors by anti-
schizophrenic drugs enhances GABA binding in substantia 
nigra. Nature, 283 (1980) 569-570. 
78 Gale, K. and Casu, Μ., Dynamic utilization of GABA in 
substantia nigra: regulation by dopamine and GABA in 
striatum and its clinical and behavioural implications, 
Mol. Cell. Biochem., 39 (1981) 369-405. 
79 Garcia-Munoz, M., Nicolaou, M.N., Tulloch, I.F., Wright, 
A.K. and Arbuthnott, G.W., Feedback loop or output pathway 
in striatonigral fibers. Nature, 265 (1977) 363-365. 
80 Garcia-Rill, E., The basal ganglia and locomotor regions, 
Brain Res. Rev., 11 (1986) 47-63. 
81 Gerfen, Ch.R., Staines, W.A., Arbuthnott, G.W. and Fibiger, 
H.C., Crossed connections of the substantia nigra in the 
rat, J. Comp. Neurol, 207 (1982) 283-303. 
82 Gerfen, Ch.R., The neostriatal mosaic 1. Compartmental 
organization of projections from the striatum to the 
substantia nigra in the rat, J. Comp. Neurol., 236 (1985) 
454-476. 
83 Geula, Ch. and Asdourian, D., Circling and bodily asymmetry 
induced by injection of GABA-agonists and antagonists 
into the superior colliculus, Pharmacol. Biochem. Behav., 21 
129 
(1984) 853-858. 
84 Glickstein, M., Ferrier's mistake, TINS, 8 (1985) 341-344. 
85 Goodale, И. and Murison, R.C.C., The effects of lesions 
of the superior colliculus on locomotor orientation and 
the orienting reflex in the rat, Brain Res., 88 (1975) 
243-261. 
86 Goodale, M., Foreman, N.P. and Mi Ine г, A.D., Visual 
orientation in the rat: a dissociation of deficits 
following cortical and collicular lesions, Exp. Brain Res., 
31 (1978) 445-471. 
87 Goodale, M., Neural mechanisms of visual orientation in 
rodents: targets versus places. In: A. Hein and M. 
Jeannerod (eds), Spatially oriented behaviour, Springer, 
New York, 1983, pp. 35-61. 
88 Goodman-Gilman, Α., Goodman, L.S., Rail, Th.W. and Murad, 
F., Goodman-Gilman's the pharmacological basis of 
therapeutics, McMillan Publishing Company, New York, 1985. 
89 Grantyn, A. and Becthoz, Α., Burst activity of identified 
tecto-reticulo-spinal neurons in the alert cat, Exp. Brain 
Res., 57 (1985) 417-421. 
90 Graybiel, A.M. and Ragsdale, C.W., Fiber connections of the 
basal ganglia. Prog. Brain Res., 51 (1979) 239-283. 
91 Graybiel, A.M. and Ragsdale, C.W., Biochemical anatomy of 
the striatum. In: P.C. Emson (Ed), Clinical Neuroanatomy, 
Raven Press, New York, 1983, pp. 427-504. 
92 Groenewegen, H.J. and Russchen, F.T., Organization of the 
efferent projections of the nucleus accumbens to pallidal, 
hypothalamic and mesencephalic structures: a tracing and 
immunohistochemical study in the cat, J. Comp. Neurol., 223 
130 
(1984) 347-367. 
93 Grofova, I., The identification of striatal and pallidal 
neurons projecting to substantia nigra. An experimental 
study by means of retrograde axonal transport of horse­
radish peroxidase, Brain Res., 91 (1975) 286-291. 
94 Grofova, I., Deniau, J.M. and Kitai, S.T., Morphology of 
the substantia nigra pars reticulata projection neurons 
intracellularly labeled with HRP, J. Comp. Neurol., 
208, (1982) 352-368. 
95 Guitton, D., Crommelinck, H. and Roucoux, Α., Stimulation 
of the superior colliculus in the alert cat 1. Eye 
movements and neck ENG activity evoked when the head is 
unrestrained, Exp. Brain Res., 39 (1980) 63-73. 
96 Guitton, D., Douglas, R.H. and Voile, Μ., Eye-head 
coordination in cats, J. Neurophysiol., 52 (1984) 
1030-1050. 
97 Haber, S.U., Neurotransmitters in the human and non-human 
primate basal ganglia, Human Neurobiol., 5 (1986) 159-168. 
98 Haddad, G.M. and Robinson, D.A., Cancellation of the 
vestibulo-ocular reflex during active and passive head 
movements in the normal cat, Soc. Neurosci. Abstr., 
155 (1977) 3. 
99 Hanaway, J., McConnell, J.A. and Netsky, M.G., Cyto-
architecture of the substantia nigra in the rat, Am. J. 
Anat., 129 (1970) 417-438. 
100 Harris, L.R., The superior colliculus and movements of the 
head and eyes in cats, J. Physiol., 300 (1980) 367-391. 
101 Helm, Ch., Schwarz, И., Klockgether, T., Jaspers, R., 
Cools, A.R. and Sontag, K-H., GABA-ergic neurotransmission 
131 
within the reticular part of the substantia nigra (SNr); 
role for switching motor patterns and performance of 
movements, Exp. Brain Res., 63 (1986) 375-381. 
102 Hernandez, T.J. and Dunnett, S.B., Paw use and sensorimotor 
asymmetry in rats following regional ibotenic acid lesions 
in the striatum, Neurosci. Lett., suppl. 29 (1987) S 121. 
103 Herrera-Marschitz, M., Reid, M., Christensson-Nylander, I-, 
Sharp, F., Hokfelt, T., Terrenius, L. and Ungerstedt, U., 
Substance-P and dynorphinergic striato-nigral pathways of 
the rat: functional, biochemical and immunohistochemical 
studies, Neurosci. Lett., suppl. 26 (1986) S 316. 
104 Hess, W.R., Burgi, S. and Bûcher, v., Motorische Funktion 
des Tektal- und Tegmentalgebietes, Monatzeitschrift Psych. 
Neurol., 112 (1946) 1-52. 
105 Heywood, C A . and Cowey, Α., A comparlsion of the effects of 
superior collicular ablation in infant and adult rats, Exp. 
Brain Res., 59 (1985) 302-312. 
106 Heywood, CA. and Cowey, Α., The nature of the visual 
discrimination impairment after neonatal and adult ablation 
of superior colliculi in rats, Exp. Brain Res., 61 (1986) 
403-412. 
107 Heywood, CA. and Cowey, Α., Effects on visual search of 
lesions of the superior colliculus in infant or adult rats, 
Exp. Brain Res., 65 (1987) 465-470. 
108 Hikosaka, 0. and Wurtz, R.H., Visual and oculomotor 
functions of monkey substantia nigra pars reticulata 1. 
Relation of visual and auditory responses to saccades, J. 
Neurophysiol., 49 (1983) 1230-1253. 
109 Hikosaka, 0. and Wurtz, R.H., Visual and oculomotor 
132 
functions of monkey substantia nigra pars reticulata 4. 
Relation of substantia nigra to superior colliculus, J. 
Neurophysiol., 49 (19Θ3) 1285-1301. 
110 Hikosaka, 0. and Wurtz, R.H., Effects on eye movements of 
a GABA agonist and antagonist injected into monkey superior 
colliculus. Brain Res., 272 (1983) 368-372. 
111 Hikosaka, O. and Wurtz, R.H., Facilitation of contralateral 
saccadic eye movements by micro-injection of GABA-agonist in 
monkey substantia nigra, Neurosci. Lett., suppl. 18 (1984) 
S 74. 
112 Hikosaka, 0. and Wurtz, R.H., Modification of saccadic eye 
movements by GABA related substances 1. Effect of muscimol 
and bicuculline in the monkey superior colliculus, J. 
Neurophysiol., 53 (1985) 266-291. 
113 Hikosaka, 0. and Wurtz, R.H. Modification of saccadic eye 
movements by GABA related substances 2. Effects of muscimol 
in the monkey substantia nigra pars reticulata, J. 
Neurophysiol., 53 (1985) 292-308. 
114 Hikosaka, 0. and Wurtz, R.H., Saccadic eye movements 
following injection of lidocaine into the superior 
colliculus, Exp. Brain Res., 61 (1986) 531-539. 
115 Hikosaka, 0. and Sakamoto, M., Cell activity in monkey 
caudate nucleus preceding saccadic eye movements, Exp. 
Brain Res., 63 (1986) 659-662. 
116 Hikosaka, O. and Sakamoto, H., Neural activities in the 
monkey basal ganglia related to attention, memory and 
anticipation, Brain Devel., 8 (1986) 454-461. 
117 Hopkins, D.A. and Niessen, L.W., Substantia nigra 
projections to the reticular formation, superior 
133 
collicular and central gray in the rat, cat and monkey, 
Neurosci. Lett., 2 (1976) 253-259. 
118 Huffman, R.D. and Ticku, M.K., The effects of chronic 
haloperidol administration on GABA receptor binding, 
Pharmacol. Biochem. Behav., 19 (1983) 199-204. 
119 Hyde, J.G. and Eason, R.G., Characteristics of ocular 
movements evoked by stimulation of brainstem of cat, J. 
Neurophysiol., 22 (1959) 666-678. 
120 Imperato, Α., Porceddu, M.L., Morelli, M., Faa, G. and 
Dichiara, G., Role of dorsal mesencephalic reticular 
formation and deep layers of superior colliculus as output 
stations for turning behaviour elicited from the substantia 
nigra pars reticulata. Brain Res., 216 (1981) 437-443. 
121 Imperato. A. and Dichiara, G., Behavioural effects of GABA 
agonists and antagonists infused in the mesencephalic 
reticular formation and deep layers of superior colliculus, 
Brain Res., 224 (1981) 185-194. 
122 Infante, C. and Leiva, J., Simultaneous unitary activity in 
both superior colliculi and its relation to eye movements 
in the cat, Brain Res., 381 (1986) 390-392. 
123 Iversen, S.D. and Alpert, J.E., Functional organization of 
the dopamine system in normal and abnormal behaviour. In: 
A.J. Friedhoff and Th.N. Chase (Eds), Gilles de la Tourette 
Syndrom, Raven Press, New York, 1982, pp. 69-76. 
124 Iversen, S.D. and Iversen, L.L., Behavioural Pharmacology, 
Oxford University Press, New York, 1981. 
125 Izzo., P.N. and Bolam, J.P., The post-synaptic targets of 
substance P-immunoreactivity boutons in the rat striatum, 
Neurosci. Lett., suppl. 26 (1986) S 312. 
134 
126 Jane, J.Α., Levey, Ν. and Carlson, J.N., Tectal and cortical 
function in vision, Exp. Neurol., 35 (1972) 61-77. 
127 Jaspers, R., Schwarz, M., Sontag, K-Η. and Cools, A.R., 
Caudate nucleus and programming movements in cats; role of 
dopamine in switching motor patterns, Behav. Brain Res., 
14 (1984) 17-28. 
128 Jaspers, R. and Cools, A.R., GABA-specificity of behaviour 
responses to Picrotoxin injected into the colliculus superior 
of cats, Behav. Brain. Res., 18 (1985) 63-69. 
129 Joseph, J.P. and Boussaoud, D., Involvement of the substantia 
nigra pars reticulata in eye and head movements in the cat, 
Neurosci. Lett., suppl. 10 (1982) S 257. 
130 Joseph, J.P. and Boussaoud, D., Role of the substantia nigra 
pars reticulata in eye and head movements 1. Neural activity, 
Exp. Brain Res., 57 (1985) 286-296. 
131 Juraska, J.M., Wilson, Ch. J. and Groves, P.M., The 
substantia nigra of the rat: a golgi study, J. Comp. Neurol., 
172 (1977) 585-600. 
132 Ramata, К. and Kameyama, T., Effect of chronic administration 
of methamphetamine on the responsiveness of substantia 
nigra zona reticulata neurons to GABA or a GABA agonist 
in rats, Naunyn- Schmiedeberg's Arch. Pharmacol., 334 
(1986) 458-462. 
133 Karabelas, A.B. and Hoschovakis, A.K., Nigral inhibitory 
termination on efferent neurons of the superior colliculus: 
an intracellular horseradish peroxidase study in the cat, 
J. Comp. Neurol., 239 (1985) 309-329. 
134 Keating, G.E., Impaired orientation after primate tectal 
lesions, Brain Res., 67 (1974) 538-541. 
135 
135 Keating, G.E., Kenney, D.V., Gooley, S.G., Pratt, S.E. and 
McGillis, S.L.B., Targeting errors and reduced ocolomotor 
range following ablations of the superior colliculus or 
pretectum/thalamus, Behav. Brain Res., 22 (1986) 191-210. 
136 Kernel, M.L., Desban, M., Gauchy, C , Glowinski, J. and 
Besson, M.J., Heterogenous organization of the striatum: an 
analysis of the striatonigral and nigrostriatal projections 
in the cat, Neurosci., Lett., suppl. 26 (1986) S 89. 
137 Kilpatrick, I.e., Collingridge, G.L. and Starr, M.S., 
Evidence for the participation of nigro-tectal gamma-amino-
butyrate containing neurons in striatal and nigral derived 
circling in the rat, Neurosci., 7 (1982) 207-222. 
138 Kim, J.S., Bak, I.J., Hassler, R. and Okada, J., Role of 
gamma-aminobutyric acid (GABA) in the extrapyramidal motor 
system, 2. Some evidence for the existence of a type of 
GABA rich strio-nigral neurons, Exp. Brain Res., 14 (1971) 
95-104. 
139 Kirvel, R.D., Greenfield, R.A. and Meyer, D.R., Multimodal 
sensory neglect in rats with radical unilateral posterior 
isocortical and superior colliculus ablations, J. Comp. 
Physiol. Psychol., 87 (1974) 156-162. 
140 Kitai, S.T., Electrophysiology of the corpus striatum and 
brainstem integrating systems. In: J.M. Brookhart and V.B. 
Mountcastle (Eds), Handbook of Physiology, section 1, the 
nervous system, part 2, vol 2, motor control, American 
Physiological Society, Bethesda, 1981, pp. 997-1015. 
141 Krauthammer, G.M., Sensori functions of the neo-striatum. 
In: I. Divac and G.E. Oberg (Eds), The neostriatum, Pergamon 
Press, Oxford, 1979, pp. 263-289. 
136 
142 Kubota, Y., Inagaki, S. and Kito, S., Innervation of 
substance-P neurons by catecholaminergic terminals in the 
neostriatum, Brain Res., 375 (1986) 163-167. 
143 Kurtz, D., Leiby, C.C. and Butter, Ch., Further analysis of 
S-R separation effects on visual discrimination performance 
of normal rhesus monkeys and monkeys with superior 
colliculus lesions, J. Comp. Physiol Psychol., 96 (1982) 
35-46. 
144 Latto, R-, The effects of bilateral frontal eye field, 
posterior parietal or superior colliculus lesions on visual 
reach in the rhesus monkey, Brain Res., 146 (1978) 35-50. 
145 Lawler, K.A. and Cowey, Α., The effects of pretectal and 
superior colliculus lesions on binocular vision, Exp. Brain 
Res., 63 (1986) 402-408. 
146 Lestienne, F. and Caillier, P., Role of the monkey 
substantia nigra pars reticulata (SNpr) in behavioural 
responses to visual stimuli, Neurosci. Lett., suppl. 22 
(1985) S 484. 
147 Lestienne, F. and Caillier, P., Role of the monkey substantia 
nigra pars reticulata in orienting behaviour and visually 
triggered arm movements, Neurosci. Lett., 64 (1986) 109-115. 
148 Li, S., Sivam, S.P. and Hong J.S., Regulation of the 
concentration of dynorphin Al-8 in the striato-nigral 
pathway by the dopaminergic system. Brain Res., 398 (1986) 
390-392. 
149 Lidsky, T.I., Manetto, C. and Schneider, J.S. A 
consideration of sensory factors involved in motor functions 
of the basal ganglia, Brain Res. Rev., 9 (1985) 133-146. 
150 Lines, Ch.R. and Mi Iner, A.D., A deficit in ambient visual 
137 
guidance following superior colliculus lesions in rats, 
Beh. Neurosci., 99 (1985) 707-716. 
151 Ljungberg, T. and Ungerstedt, U., Sensory inattention 
produced by 6-hydroxydopamine-induced degeneration of 
ascending dopamine neurons in the brain, Exp. Neurol., 53 
(1976) 585-600. 
152 Loopuyt, L.D. and Van der Kooy, D., Organization of the 
striatum: collateralization of its efferent axons, Brain 
Res., 348 (1985) 86-99. 
153 Mai, J.K., Stephens, P.H., Hopf, A. and Cuello, A.C., 
Substance-P in the human brain, Neurosci., 17 (1986) 709-739. 
154 Manetto, С and Lidsky, T.I., The effect of context and 
stimulus specificity on caudate unit activity during head 
movements, Soc. Neurosci. Abstr., 9 (1983) 950. 
155 Manetto, C. and Lidsky, T.I., Caudate neuronal activity in 
cats during head turning: selectivity for sensory triggered 
movements, Brain Res. Bull., 16 (1986) 425-428. 
156 Manetto, C. and Lidsky, T.I., Influences of the basal ganglia 
on the medullary reticular formation, Neurosci. Lett., 75 
(1987) 278-282. 
157 Marshall, J.F., Somatosensory inattention after dopamine 
depleting intracerebral 6-OHDA injections: spontaneous 
recovery and pharmacological control, Brain Res., 177 (1979) 
311-324. 
158 Marshall, J.F. and Gotthelf, T., Sensory inattention in 
rats with 6-hydroxydopamine induced degeneration of 
ascending dopaminergic neurons: apomorphine induced reversal 
of deficits, Exp. Neurol., 65 (1979) 398-411. 
159 Marshall, J.F., Berrios, N. and Sawyer, S., Neostriatal 
138 
dopamine and sensory inattention, J. Comp. Physiol. Psychol., 
94 (1980) 833-846. 
160 Hays, L.E. and Sparks, D.L., Dissociation of visual and 
saccade related responses in superior colliculus neurons, J. 
Neurophysiol., 43 (1980) 207-232. 
161 HcHaffie, J. and Stein, B.E., Eye movements evoked by 
electrical stimulation of superior colliculus in rats and 
hamsters, Brain Res., 247 (1982) 243-253. 
162 Mcllwain., J.T., Lateral spread of neural excitation during 
microstimulation in intermediate gray layer of cat's 
superior colliculus, J. Neurophysiol., 47 (1982) 167-178. 
163 Mcllwain, J.T., Effects of eye position on saccades evoked 
electrically from superior colliculus of alert cats, 3. 
Neurophysiol., 55 (1986) 97-112. 
164 McLean, S., Bannon, H.J., Zamir, N. and Pert, C.B., Compari-
sion of the substance-P and dynorphin containing projections 
to the substantia nigra: a radio-immunocytochemical and 
biochemical study. Brain Res., 361 (1985) 185-192. 
165 Helis, H.R. and Gale, K., Effects of dopamine agonists on 
gamma-aminobutyric acid (GABA) turnover in the superior 
colliculus: evidence that nigrotectal GABA projections are 
under the influence of dopaminergic transmission, J. Pharm. 
Exp. Therap., 226 (1983) 425-431. 
166 Hilner, A.D., Goodale, H.A . and Morton, M.C., Visual 
sampling after lesions of the superior colliculus in rats, J. 
Comp. Physiol. Psychol., 93 (1979) 1015-1023. 
167 Milner, A.D., Lines, C.R. and Migdal, В., Visual orientation 
and detection following lesions of the superior colliculus 
in the rat, Exp. Brain Res., 56 (1984) 106-114. 
1 39 
168 Milner, A.D. and Lines, С , Post-operative recovery from 
collicular lesions in rats; a dissociation between seeing 
and orienting, Behav. Brain Res., 12 (19Θ4) 207-218. 
169 Mlinar, E.J. and Goodale, И.А., Cortical and tectal control 
of visual orientation in the gerbil: evidence for parallel 
channels, Exp. Brain Res., 55 (1984) 33-48. 
170 Hohler, Ch.W. and Wurtz, R.H. Organization of monkey 
superior colliculus: intermediate layer cells discharging 
before eye movements, J. Neurophysiol., 39 (1976) 
722-744. 
171 Morelli, M., Imperato, Α., Porceddu, M.L. and Dichiara, G., 
Role of dorsal mesencephalic reticular formation and deeper 
layers of superior colliculus in turning behaviour elicited 
from the striatum. Brain Res., 215 ( 1981) 337-341. 
172 Mort, E., Cairns, S., Hersch, H. and Fainley, В., The role 
of the superior colliculus in visually guided locomotion and 
visual orienting in the hamster, Physiol. Psychol., 8 
(1980) 20-28. 
173 Muñoz, D.P. and Guitton, D., Presaccadic burst discharges of 
tecto-reticulo-spinal neurons in the alert head-free and 
head-fixed cat, Brain Res., 398 (1986) 185-190. 
174 Murison, R., Rats with superior colliculus lesions are able 
to relearn a jumping stand discrimination task, Behav. Neur. 
Biol., 30 (1980) 97-102. 
175 Murison, R. and Mayes, A.R., Running task latencies in 
rats with superior colliculus lesions, Behav. Neur. Biol., 
28 (1980) 65-78. 
176 Nauta, W.J.H, and Domesick, V.B., Cross roads of limbic and 
striatal circuit: hypothalamo-nigral connections. In: K.E. 
140 
Livingstone and 0. Hornykiewicz (Eds), Limbic mechanisms, 
Plenum Press, New York, 1976, pp. 75-92. 
177 Nauta, W.J.H., Smith, G.P., Faull, R.L.M. and Domesick, 
V.B., Efferent connections and nigral afferent of the 
nucleus accumbens septi in the rat, Neurosci., 3 (197Θ) 
385-401. 
17Θ Nieuwenhuys, R., Aspects of the morphology of the striatum. 
In: A.R. Cools, A.H.H. Lohman and J.H.L. Van den Bereken 
(Eds), Psychobiology of the striatum. Biomedical Press 
Elsevier, North Holland, 1977, pp. 1-19. 
179 Nieuwenhuys, R., Anatomy of the basal ganglia. In: G.W. 
Bruyn, R.A.C. Roos and O.J.S. Buruma (Eds), Dyskinesias 
(Actua Sandoz, 7), Staffleu Wetenschappelijke Uitgevers­
maatschappij, Alphen a/d Rijn, 1984, pp. 15-25. 
180 Nieuwenhuys, R. and Cools, A.R., Dorsal and ventral 
striatum, some anatomical and pharmacological comments. In: 
G.W. Bruyn, R.A.C. Roos and О.J.S. Buruma (Eds), Dyskinesias 
(Actua Sandoz, 7), Staffleu Wetenschappelijke Uitgevers­
maatschappij, Alphen a/d Rijn, 1984, pp. 26-29. 
181 Niimi, K., Ikeda, T., Kawamura, S. and Inoshita, H., 
Efferent projections of the head of the caudate nucleus in 
the cat, Brain Res., 21 (1970) 327-343. 
182 Noda, T. and Oka, Η., Distribution and morphology of 
tegmental neurons receiving nigral inhibitory inputs in the 
cat: An intracellular HRP study, J. Comp. Neurol., 244 
(1986) 254-266. 
183 Oleshko, N.N., Efferent connections of the cat caudate 
nucleus studied by retrograde axonal transport of horse­
radish peroxidase, Neurophysiol., 17 (1985) 367-374. 
141 
184 Ono, К. and Numi, К., Afferent projections to the thalamic 
medio-dorsal nucleus in the cat studied by retrograde and 
anterograde axonal transport of horseradish peroxidase, J. 
Hirnforsch., 27 (1986) 597-610. 
185 Overton, P., Dean, P. and Redgrave, P., Detection of visual 
stimuli in far periphery by rats: possible role of superior 
colliculus, Exp. Brain Res., 59 (1985) 559-569. 
186 Parent, Α., Bouchard, C. and Smith, J., The striatopallidal 
and striatonigral projections: two distinct fiber systems in 
primate, Brain Res., 303 (1984) 385-390. 
187 Peck, C.K., Schlag-Rye, M. and Schlag, J., Visuo-oculomotor 
properties of cells in the superior colliculus of the alert 
cat, J. Comp. Neurol., 194 (1980) 97-116. 
188 Peck, C.K., Saccade related burst neurons in the cat superior 
colliculus, Brain Res., 408 (1987) 329-333. 
189 Pelisson, D. and Prablanc, C , Vestibulo-ocular reflex (VOR) 
induced by passive head rotation and goal directed saccadic 
eye movements do not simply add in man, Brain Res., 380 
(1986) 397-400. 
190 Penny, G.R., Afsharpour, S. and Kitai, S.T., The glutamate-
decarboxylase, leucine-enkephalin, methionin-enkephalin and 
substance-P immunoreactive neurons in the neostriatum of the 
rat and cat: evidence for partial population overlap, 
Neurosci., 17 (1986) 1011-1045. 
191 Perciavalle, V., Influences of the substantia nigra on the 
reticular formation, Neurosci. Lett., suppl. 26 (1986) S 92. 
192 Precht, W. and Yoshida, M., Blockade of caudate-evoked 
inhibition of neurons in the substantia nigra by Picrotoxin, 
Brain Res., 32 (1971) 229-233. 
142 
193 Redgrave, P. and Dean P., Collicular Picrotoxin alleviates 
akinesia but not sensory neglect in rats with bilateral 6-
hydroxydoparaine lesions of ventral midbrain, Psycho-
pharmacol., 75 (1981) 204-209. 
194 Rinvik, E. and Grofova, I., Observations on the fine 
structure of the substantia nigra in the cat, Exp. Brain 
Res., 11 (1970) 229-248. 
195 Rinvik, E., Grofova, I. and Ottersen, O.P., Demonstration 
of nigrotectal and nigroreticular projections in the cat 
by axonal transport of proteins, Brain Res., 112 (1976) 
388-394. 
196 Robinson, D.A., Eye movements evoked by collicular 
stimulation in the alert monkeys, Vis. Res., 12 (1972) 
1795-1808. 
197 Robinson, D.A. and Jarvis, CD., Superior colliculus 
neurons studied during head and eye movements of the 
behaving monkey, J. Neurophysiol., 37 (1974) 533-540. 
198 Robinson, D.A., Control of eye movements. In: J.H. 
Brookhart and V.B. Mountcastle (Eds), Handbook of 
Physiology, section 1, the nervous system, part 2 motor 
control American Physiological Society, Bethesda, 1981, 
pp. 1275-1320. 
199 Robinson, D.A. and Zee, D.S., Theoretical considerations 
of the function and circuitry of various rapid eye 
movements. In: A. Fuchs and W. Becker (Eds), Progress 
in oculomotor research, Elsevier, North Holland, 1981, 
pp. 3-9. 
200 Roucoux, A. and Crommelinck, N., Eye movements evoked 
by superior colliculus stimulation in the alert cat, 
143 
Brain Res., 106 (1976) 349-363. 
201 Roucoux, Α., Guitton, D. and Crommelinck, M., Stimulation of 
the superior colliculus in the alert cat. 2. Eye and head 
movements evoked when the head is unrestrained, Exp. Brain 
Res., 39 (1980) 75-85. 
202 Royce, G.L. and Laine, E.J., Efferent connections of the 
caudate nucleus including cortical projections of the 
striatum and other basal ganglia: an autoradiographic and 
horseradish peroxidase investigation in the cat, J. Comp. 
Neurol., 226 (1984) 28-49. 
203 Ryan, L.J., young, S.J. and Groves, P.M., Substantia nigra 
stimulation evoked antidromic responses in rat neostriatum, 
Exp. Brain Res., 63 (1986) 449-460. 
204 Sahibzada, N., Redgrave, P. and Dean, P., Head and body 
movements evoked by electrical stimulation of the superior 
colliculus in rats, Neurosci. Lett., suppl. 18 (1984) 
5 237. 
205 Sahibzada, N., Dean, P. and Redgrave, P., Movements 
resembling orientation or avoidance elicited by electrical 
stimulation of the superior colliculus in rats, J. Neurosci., 
6 (1986) 723-733. 
206 Scarnatti, E., Proia, Α., Campana, E. and Pacitti, С , The 
reciprocal electrophysiological influence between the 
nucleus tegmenti pedúnculo pontinis and substantia nigra in 
the rat, Neurosci. Lett., suppl. 26 (1986) S 91. 
207 Schaefer, P.K., Unit analysis and electrical stimulation 
in the optic tectum of rabbits and cats, Brain Beh. Evol., 3 
(1970) 222-240. 
208 Scheel-Kruger, J., The GABA receptor and animal behaviour: 
144 
evidence that GABA transmits and mediates dopaminergic 
functions in the basal ganglia and limbic system. In: S.J. 
Enna (Ed), The GABA receptors. The Humana Press, Clifton 
New Yersey, 1983, pp. 216-256. 
209 Schiller, P.H., The role of the monkey superior colliculus 
eye movements and vision. Invest. Ophthalam., 11 (1972) in 
451-460. 
210 Schiller, P.H., The superior colliculus and visual function. 
In: J.N. Brookhart and V.B. Mountcastle (Eds), Handbook of 
physiology, section 1, the nervous system, vol 3, part 1, 
sensory processes, American Physiological Society, Bethesda, 
1984, pp. 457-505. 
211 Schiller, P.H. and Koerner, F., Discharge characteristics 
of single units in superior colliculus of the alert rhesus 
monkey, J. Neurophysiol., 34 (1971) 920-936. 
212 Schiller, P.H. and Sandell, J.H., Interactions between 
visually and electrically elicited saccades before and after 
superior colliculus and frontal eye field ablations in the 
rhesus monkey, Exp. Brain Res., 49 (1983) 381-392. 
213 Schiller, P.H. and Stryker, Μ., Single unit recording and 
stimulation in superior colliculus of the alert rhesus 
monkey, J. Neurophysiol., 35 (1972) 915-924. 
214 Schiller, P.H., True, S.D. and Conway, J.L., Deficits in 
eye movements following frontal eye field and superior 
colliculus ablations, J. Neurophysiol., 44 (1980) 1175-1189. 
215 Schmidt, W.J., Involvement of dopaminergic neurotransmission 
in the control of goal directed movements, Psychopharmacol., 
80 (1983) 360-364. 
216 Schneider, G.E., Contrasting visuomotor functions of tectum 
145 
and cortex in the golden hamster, Psychol. Forsch., 31 
(1967) 52-62. 
217 Schneider, G.E., Two visual systems, Science, 163 (1969) 
895-902. 
218 Schneider, J.S., Basal ganglia role in behaviour: importance 
of sensory gating and its relevance to psychiatry, Biol. 
Psych., 19 (1984) 1693-1710. 
219 Schneider, J.S., Manette, С. and Lidsky, T.I., Substantia 
nigra projection to medullary reticular formation: relevance 
to oculomotor and related motor functions in the cat, 
Neurosci. Lett., 62 (1985) 1-6. 
220 Schultz, W., Activity of pars reticulata neurons of monkey 
substantia nigra in relation to motor, sensory and complex 
events, J. Neurophysiol., 55 (1986) 660-677. 
221 Schwarz, M., Sontag, K-Η, and Wand, P., Sensory-motor 
processing in substantia nigra pars reticulata in conscious 
cats, J. Physiol., 347 (1984) 129-147. 
222 Segraves, H.A. and Goldberg, И.Б., Initial orbital position 
affects the trajectories of large saccades evoked by 
electrical stimulation of the monkey superior colliculus, 
Soc. Neurosci. Abstr., 10 (1984) 389. 
223 Smith, Y. and Parent, Α., Differential connections of 
caudate nucleus and putamen in the squirrel monkey (saimirí 
sciureus), Neurosci., 18 (1986) 347-371. 
224 Smith, Ch.J. and Weldon, D.A., Hyperactivity and deficits in 
problem solving following superior colliculus lesions in the 
rat, Physiol. Beh., 16 (1976) 381-385. 
225 Sontag, K-Η., Heim, eh., Schwarz, M., Jaspers, R., Cools, 
A.R., and Wand, P., Consequences of disturbed GABA-ergic 
146 
transmission in substantia nigra pars reticulata in freely 
moving cats on their motor behaviour, and in anaesthetized 
cats on their spinal motor elements. In: J.S. McKenzie, R.E. 
Кemm and L.N. Wilcock (Eds), The basal ganglia: structure 
and function. Advances in behavioural biology, vol 27, 
Plenum Press, New York, 1984, pp. 495-511. 
226 Sparks, D.L., Functional properties of neurons in the 
monkey superior colliculus: coupling of neuronal activity 
and saccade onset, Brain Res., 156 (197Θ) 1-16. 
227 Sparks, D.L., Translation of sensory signals into commands 
for control of saccadic eye movements: role of primate 
superior colliculus, Physiol. Rev., 66 (1986) 118-171. 
228 Sparks, D.L., Holland, R. and Guthrie, B.L., size and 
distribution of movement fields in the monkey superior 
colliculus, Brain Res., 113 (1976) 21-34. 
229 Sparks, D.L. and Jay, M.F., The functional organization of 
the primate superior colliculus: a motor perspective. In: 
Η-J. Freund, U. Buttner, В. Cohen and J. Noth (Eds), 
Progress in Brain Research, vol 64, Elsevier Science 
Publishers, North Holland, 1986, pp. 235-241. 
230 Sparks, D.L., Mays, L.E. and Porter, J.G., Saccade related 
unit activity in the monkey superior colliculus. In: R. 
Baker and A. Berthoz (Eds), Control of gaze by brainstem 
neurons; Developments in neuroscience, vol 1, Elsevier 
Biomedical Press, North Holland, 1977, pp. 437-444. 
231 Sparks, D.L. and Mays, L.E., Movement fields of saccade 
related burst neurons in the monkey superior colliculus, 
Brain Res., 190 (1980) 39-50. 
232 Sparks, D.L. and Mays, L.E., The role of the monkey 
147 
superior colliculus in the control of saccadic eye 
movements: a current perspective, in: A.F. Fuchs and W. 
Becker (Eds), Progress in oculomotor motor research, 
Developments in neuroscience vol 12, Elsevier Biomedical 
Press, North Holland, 1981, pp. 137-144. 
233 Sparks, D.L. and Mays, L.E., Spatial localization of 
saccade targets 1, Compensation for stimulation induced 
pertubations in eye position, J. Neurophysiol., 49 (19Θ3) 
45-63. 
234 Sparks, D.L. and Pollack, J.G., The neural control of 
saccadic eye movements: the role of the superior colliculus. 
In: B.A. Brooks and F.J. Bajandas (Eds), Eye movements, 
Plenum Press, New York, 1977, pp. 179-219. 
235 Sprague, J.M. and Иеікіе, Т.Н., The role of the superior 
colliculus in visually guided behaviour, Exp. Neurol., 11 
(1965) 115-146. 
236 Staines, W.A., Nagy, J.I., Vincent, S.R. and Fibiger, H.C., 
Neurotransmitters contained in the efferents of the striatum, 
Brain Res., 194 (1980) 391-402. 
237 Stein, B.E. and Ciamann, B.P., Control of pinna movements 
and sensorimotor register in cat superior colliculus, 
Brain Beh. Evol., 19 (1981) 180-192. 
238 Stein, B.E., Goldberg, S.J. and Ciamann, H.P., The control 
of eye movements by the superior colliculus in the alert cat, 
Brain Res., 118 (1976) 469-474. 
239 Straschill, H. and Hoffman, K.P., Activity of movement 
sensitive neurons of the cat's tectum opticum during 
spontaneous eye movements, Exp. Brain Res., 11 (1970) 
318-326. 
14 8 
240 Straschill, M. and Rleger, P., Eye movements evoked by focal 
stimulation of the cat's superior colliculus, Brain Res., 
59 (1973) 221-227. 
241 Straschill, M. and Schick, F., Discharges of superior 
colliculus neurons during head and eye movements of the alert 
cat, Exp. Brain Res., 27 (1977) 131-141. 
242 Stryker, И.Р. and Schiller, P.H., Eye and head movements 
evoked by electrical stimulation of monkey superior 
colliculus, Exp. Brain Res., 23 (1975) 103-112. 
243 Syka, J. and Radili Weiss, T., Electrical stimulation of 
the tectum in freely moving cats, Brain Res., 28 (1971) 
567-572. 
244 Szabo, J., Topical distribution of the striatal efferents 
in the monkey, Exp. Neurol., 5 (1962) 21-36. 
245 Szabo, J., The efferent projections of the putamen in the 
monkey, Exp. Neurol., 19 (1967) 463-476. 
246 Szabo, J., Projections from the body of the caudate nucleus 
in the rhesus monkey, Exp. Neurol., 27 (1970) 1-15. 
247 Taniyama, K., Nitsch, C , Wagner, A. and Hassler, R., 
Aspertate, glutamate, and GABA levels in pallidum, 
substantia nigra, center median and dorsal raphe nuclei 
after cylindric lesions of caudate nucleus in cat, 
Neurosci. Lett., 16 (1980) 155-160. 
248 Tehovnik, E.J. and Yeomans, J.S., Two converging brainstem 
pathways mediating circling behaviour, Brain Res., 385 
(1986) 329-342. 
249 Thinus-Blanc, C. and Lecas, J.C., Effects of collicular 
lesions in the hamster during visual discrimination. An 
analysis from computer video-actogram, Q. J. Exp. Psychol., 
149 
37В (1985) 213-233. 
250 Tulloch, I.F., Arbuthnott, G.W. and Wright, Α.К., Topo­
graphical organization of the striato-nigral pathway 
revealed by anterograde and retrograde neuro-anatomical 
tracing techniques, J. Anat., 127 (1978) 425-441. 
251 Tunkl, J.E. and Berkley, И.А., Stimulus dependent form 
discrimination deficits in cats with superior colliculus 
lesions, Behav. Brain Res., 15 (1985) 51-61. 
252 Ungerstedt, U., Ljungberg, Th. and Steg, G., Behavioural 
physiology and neurochemical changes after 6-hydroxydopamine 
induced degeneration of the nigro-striatal dopamine neurons, 
Advances in Neurology, vol 5, Raven Press, New York, 
1974, pp. 421-426. 
253 Usunoff, K.G., Hassler, R., Wagner, A. and Bak, I.J., The 
efferent connections of the head of the caudate nucleus in 
the cat: an experimental methodological study with special 
reference to a projection to the raphe nuclei, Brain Res., 
74 (1974) 143-148. 
254 Viallet, F., Trouche, E., Beaubaton, D., Nieoullon, A. and 
Legallet, E., Motor impairment after unilateral electrolytic 
lesions of the substantia nigra in baboons: behavioural data 
with quantitative and kinematic analysis of a pointing 
movement, Brain Res., 279 (1983) 193-206. 
255 Viallet, F., Trouche, E., Beaubaton, D. and Legallet, E., 
The role of visual reafferents during a pointing movement: 
comparative study between open-loop and closed-loop 
performances in monkeys before and after unilateral 
electrolytic lesion of the substantia nigra, Exp. Brain 
Res., 65 (1987) 399-410. 
150 
256 Villabianca, J.R. and Olmstead, Ch.E., The striatum; a fine 
tuner of the brain, Acta Neurobiologica Exp., 42 (1982) 
227-299. 
257 Voneida, Th.J., An experimental study of the course and 
designation of fibers arising in the head of the caudate 
nucleus in the cat and monkey, J. Comp. Neurol., 115 
(1960) 75-Θ7. 
258 Vrijmoed-De Vries, M.C. and Cools, A.R., Differential 
effects of striatal injections of dopaminergic, cholinergic 
and GABA-ergic drugs upon swimming behaviour of rats. Brain 
Res., 364 (1986) 77-90. 
259 Wand, P. and Schwarz, M., Somatosensory processing in the 
reticular part of the substantia nigra of normal cats, 
Neurosci. Lett., suppl. 10 (1982) S 511. 
260 Weinberg, D. and Stein, D.G., Impairment and recovery of 
visual functions after bilateral lesions of superior 
colliculus, Phys. Behav., 20 (1978) 323-329. 
261 Weldon, D.A. and Smith, Ch.S., Superior colliculus lesions 
and environmental experience: non-visual effects on 
problem solving and locomotor activity, Phys. Behav., 23 
(1979) 159-165. 
262 Weldon, D.A., Task specific deficits in reversal performance 
following superior colliculus lesions in rats, Phys. Behav., 
24 (1980) 1081-1089. 
263 Weldon, D.A., Calabrese, L.C. and Nicklaus, K.J., Rotational 
behaviour following cholinergic stimulation of the superior 
colliculus in rats, Pharmacol. Biochem. Behav., 19 (1983) 
813-820. 
264 Williams, H.N. and Faull, R.L.M., The striato-nigral 
151 
projection and nigrotectal neurons in the rat. A correlated 
light and electron microscopic study demonstrating a mono­
synaptic striatal input to identified nigrotectal neurons 
using a combined degeneration and horseradish peroxidase 
procedure, Neurosci., 14 (1935) 991-1010. 
265 Wolfarth, S., Kolasiewicz, w. and Sontag, K-Η., The effects 
of muscimol and Picrotoxin injections into the cat 
substantia nigra, Naunyn-Schmiedeberg's Arch. Pharmacol., 
317 (1981) 54-60. 
266 Wurtz, R.H. and Albano, J.E., Visual-motor function of the 
primate superior colliculus, Ann. Rev., Neurosci., 3 (1980) 
189-226. 
267 Wurtz, R.H. and Goldberg, И.Е., Activities of superior 
colliculus in behaving monkey. 3. Cells discharging before 
eye movements, J. Neurophysiol., 35 (1972) 575-586. 
268 Wurtz, R.H. and Hikosaka, 0., Role of the basal ganglia 
in the initiation of saccadic eye movements. In: H-J. 
Freund, U. Buttner, В. Cohen and J. Noth (Eds), Progress 
in brain research, vol 64, Elsevier Science Publishers, 
North Holland, 1986, pp. 175-189. 
269 Yoshida, M. and Precht, W., Monosynaptic inhibition of 
neurons of the substantia nigra by caudato-nigral fibers, 
Brain Res., 32 (1971) 225-228. 

153 
CHAPTER 3 
THE INTERRELATIONSHIP BETWEEN SUPERIOR COLLICULUS 
AND SUBSTANTIA NIGRA PARS RETICULATA IN 
PROGRAMMING MOVEMENTS OF CATS. 
3.1 SUMMARY 
Recent electrophysiological and behavioural studies have 
suggested that the deeper layers of the superior colliculus 
(dl-SC) are involved in the execution of targeting movements 
which are elicited but not continuously guided by external 
stimuli. In the first part of the present study the role of the 
GABA-ergic transmission in the dl-SC in the execution of these 
targeting movements was investigated. Therefore cats, trained to 
walk from one side of a narrow bar towards the target at the 
other side of the bar under stroboscopie illumination (2 
flashes/sec), were bilaterally dl-SC injected with Picrotoxin 
(100 ng/ .5 ul) or muscimol (75 ng/ 1 ul). In the second part of 
this study the role of the GABA-ergic activity in the substantia 
nigra pars reticulata (SNR), projecting to the dl-SC through the 
GABA-ergic nigrotectal pathway, in the execution of the above 
mentioned targeting movements was investigated. Therefore cats, 
trained to walk from one side of a narrow bar towards the target 
at the other side of the bar, either under full light or under 
stroboscopie illumination (2 flashes/sec), were bilaterally SNR 
injected with Picrotoxin (500 ng/ .5 ul) or muscimol (200 ng/ 1 
ul). Under stroboscopie illumination (2 flashes/sec) solvent 
treated cats either continuously grasped the bar and/or 
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continuously touched the bar with their whiskers, viz. executing 
movements which were continuously guided by external stimuli, 
while walking towards the target at the other side of the bar. 
Cats with dl-SC injections of Picrotoxin or SNR injections of 
muscimol walked towards the target at the other side of the bar 
without executing these movements to the same extent; instead 
they executed targeting movements which were not continuously 
guided by external stimuli. Under full light solvent treated 
cats executed targeting movements which were elicited, but not 
continuously guided by external stimuli while walking across the 
bar. SNR application of Picrotoxin produced continuous grasping 
and/or whiskering of the bar, viz. movements which were 
continuously guided by external stimuli, even under steady 
illumination. The same held true for dl-SC injections of 
muscimol. It is concluded that the execution of targeting 
movements which are elicited but not continuously guided by 
external stimuli requires the integrity of both the GABA-ergic 
dl-SC and GABA-ergic SNR activity. The results are discussed in 
terms of the interrelationship between dl-SC and SNR in 
programming movements which are dl-SC and SNR specific. 
3.2 INTRODUCTION 
Frequently collicular lesions have been shown to produce deficits 
in visually elicited goal directed movements (7,15,33,35), 
especially when the stimuli are not presented in the centre of 
gaze (7,16,17,20,36). Besides, it has often been stated that the 
superior colliculus is also involved in the execution of goal 
directed movements to auditory, olfactory and tactile stimuli 
(31,32,46). In collicular studies two kinds of goal directed 
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movements have been dissociated: rats with deep collicular 
(dl-SC) ablations have been reported to guide their movements 
accurately under external, viz. visual, control, but the animals 
did not execute goal directed movements, viz. head and torso 
movements that were elicited but not continuously guided by 
visual or auditory stimuli (15,16,35). In the present article 
the latter movements will be labeled as non-externally guided 
targeting movements. In contrast, the former will be labeled as 
externally guided targeting movements. 
Electrophysiological experiments in the monkey and cat also 
emphasize that especially the deeper collicular layers are 
involved in non-externally guided targeting movements: cells in 
these layers discharge before the execution of goal directed 
saccadic movements (21,38,43,48) and electrical stimulation of 
these layers evoke contraversive eye saccades (19,39,44). 
Hikosaka and Wurtz (22,23) have also investigated the role of the 
GABA-ergic dl-SC activity in the execution of saccadic eye 
movements. Whereas dl-SC injected bicuculline, which blocks the 
GABA receptors (9,41), facilitates the initiation of saccades, 
dl-SC applied muscimol, which activates the GABA receptors 
(9,10,41), severely impairs the execution of saccadic eye 
movements: saccades to points contralateral to the side of the 
colliculus injected have longer latencies, lower velocities and 
smaller amplitudes. These results seem in line with the dl-SC 
induced effects of muscimol observed by Cools etal.(5). Muscimol 
injected into the deeper layers of the feline SC produces highly 
characteristic deficits: cats put on a wooden bar of 5 cm width, 
2 m length and 2 m above the floor do not walk to the target at 
the other side of the bar, or if they walk, they are continuously 
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guided by visual and/or tactile stimuli: while walking towards 
the target at the end of the bar, these cats continuously touch 
the bar with the whiskers and /or continuously grasp the bar or 
continuously track the bar or the target at the end of the bar 
with the head. After dl-SC applied distilled water this kind of 
externally guided targeting movements is hardly ever executed; 
the cats walk from one side of the bar to the other side of the 
bar without being continuously bound to these external stimuli. 
So it appears that increasing the GABA-ergic dl-SC activity 
severely impaires (22,23) or even suppresses (5) the execution of 
those goal directed movements that are related, but not 
continuously bound to external stimuli. Based on these results 
it was hypothesized that the dl-SC is indispensible for the 
execution of non-externally guided targeting movements. In the 
first part of this study it was investigated whether decreasing 
the GABA-ergic activity in the dl-SC affects the execution of 
non-externally guided targeting movements. Therefore cats were 
dl-SC injected with Picrotoxin which suppresses the GABA-ergic 
transmission (9,41). Since dl-SC application of Picrotoxin was 
expected to enhance the execution of non-externally guided 
targeting movements, an experimental set-up was chosen in which 
such an enhancement could be assessed, in a pilot study it has 
been found that cats, walking from one side of a bar towards the 
target at the other side of the bar under stroboscopie 
illumination of 2 flashes/sec, nearly almost execute externally 
guided targeting movements instead of non-externally guided 
targeting movements. Consequently, this particular set-up is 
useful for assessing an enhancement of non-externally guided 
targeting movements. 
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Recently it has been reported that the substantia nigra pars 
reticulata (SNR) is able to cause an inability of tectospinal 
neurons to respond to their sensory inputs (3). These authors 
have speculated that the SNR might influence goal directed 
movements originating from the SC through the nigrotectal fibers. 
Hikosaka and Wurtz (21) have suggested that the SNR exerts a 
gating effect on the excitability of the tectal neurons via a 
disinhibitory mechanism. This mechanism explains the fact that 
the SNR and SC neuronal activities are organized in mirror in 
monkeys performing saccades. While the dl-SC neurons increase 
their firing rate before the execution of these non-externally 
guided targeting movements, the SNR cells exhibit a phasic arrest 
of their tonic spontaneous discharge (21,27,26). The SNR 
projects to the dl-SC (cat; 1,18,37, rat; 25, monkey; 
13,26,34), exerting a potent inhibitory influence on the 
collicular neurons (rat; 3,8, cat; 30), through the release of 
gamma amino butyric acid (rat; 3,40,45, for review; 11,14). In 
addition to their above mentioned results regarding the SNR and 
SC neuronal activities being organized in mirror in monkeys 
performing saccades, Hikosaka and Wurtz (24) have shown that 
diminution of the GABA-ergic dl-SC activity acts like an 
enhancement of the GABA-ergic SNR activity with respect to the 
execution of goal directed saccadic eye movements. In the second 
part of this study, it was therefore investigated whether 
increasing the GABA-ergic SNR activity acts like decreasing the 
GABA-ergic dl-SC activity and vice versa, with respect to the 
execution of non-externally guided targeting movements in which 
parts of the body, other than the eyes are involved. For 
assessing any change in the execution of non-externally guided 
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targeting movements after SNR application of muscimol and 
Picrotoxin, two experimental set-ups were used: cats were 
trained to walk from one side of the bar towards the target at 
the other side of the bar either under full light or under 
stroboscopie illumination of 2 flashes/sec. As mentioned above, 
the latter set-up is useful for assessing an enhancement of 
non-externally guided targeting movements. Since cats walking 
from one side of the bar towards the target at the other side of 
the bar under full light almost always execute non-externally 
guided targeting movements (5), this set-up was useful for 
assessing a diminution of non-externally guided targeting move-
ments. 
3.3 MATERIALS AND METHODS 
SUBJECTS 
Male cats (n-16) weighing between 3.3 and 4.4 kg were used. Each 
group, composed of eight cats, was housed in an iron cage (2* 
1.5* 1.5 m.). Food (Hope Farms) and water were ad libitum 
available except during the test periods. The animals were 
equipped with cannulas directed at the substantia nigra pars 
reticulata (SNR; n-8) or the deeper layers of the superior 
colliculus (dl-SC; n-8). 
SURGICAL PROCEDURE AND HISTOLOGICAL VERIFICATION 
Under pentobarbital anaesthesia (40mg/kg. i.p.) stainless steel 
cannulas with an inner and outer diameter of .4 and .8 mm., resp, 
were stereotaxically implanted .1mm above the left and right 
substantia nigra pars reticulata (n-8; coordinates A 3.0, L 6.0, 
V 3.2 of Snider and Niemer (42) and at an angle of 10 degrees 
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with the sagittal plane). In eight cats stainless steel cannulas 
(inner and outer diameter .4 and .8 mm. resp) were aimed at the 
superior colliculus. In order to avoid damage to the tectal 
tissue the tips of the cannulas were implanted above the 
colliculus superior (A 1.5, L 3.5, D 6.5; Snider and Niemer 
(42)). In the present paper the superior colliculus is 
subdivided into superficial and deeper layers according to the 
terminology of Kanaseki and Sprague (29). In order to allow 
injections into the deeper layers of the SC (A 1.5, L 3.5, D 3.5) 
a Hamilton syringe (diameter of the injection needle .35 mm; 
sharpened tip), protruding 3.0 mm below the tip of the guide 
cannula, was used. At the end of the last behavioural test the 
cats were deeply anaesthetized and subsequently perfused through 
the heart with a 4% formaldehyde solution. The brains were 
removed and subsequently dissected with the help of a cryostat 
(temperature -18 C) in order to estimate the location of the tip 
of the injection needles. 
APPARATUS 
A wooden bar, 2.5 m in length and 5 cm in width, was fixed at a 
height of 2 m. At the end of the bar a wooden platform (115*35 
cm) was fixed at a height of 1.40 m. The experiments were run 
under full light or stroboscopie illumination (2 flashes/sec). 
For that purpose a strobotac electronic stroboscope, type 1531-a 
(General Radio Company, Massachusetts) was used. Under full 
light cats were trained to walk from one end to the other end of 
the bar in order to jump on the platform fixed below the end of 
the bar. On the platform the animals were allowed to eat some 
palatable food (Hope Farms). A grafie representation of the 
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experimental room is depicted in Figure 3.1. 
FIGURE 3.1 Graphic representation of the experimental room. 
The training consisted of two trials a day for three successive 
days. At the end of this training period the cats were given two 
additional trials under stroboscopie illumination (2 
flashes/sec). The experimental sessions were started with 
trained cats being able to walk towards the required end of the 
bar. The inter-session intervals were 7 days. Each session 
consisted of 3 blocks of 3 trials. The inter-block interval was 
15 minutes, whereas the inter-trial interval was 20 seconds. 
Each trial lasted about 45 seconds. In each trial the cat had to 
walk from one end of the bar to the other end. 
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DEPENDENT VARIABLES 
The following types of targeting movements are scored: 
EXTERNALLY GUIDED TARGETING MOVEMENTS: walking from one side of 
the bar towards the target at the other side of the bar while A/ 
continuously touching the bar with the whiskers, OR B/ 
continuously grasping the bar, OR C/ continuously tracking the 
bar, the wall at the end of the bar or alternately the bar and 
the wall, with the head. Since it is known that most animals 
track objects with head movements instead of eye movements (38), 
head instead of eye movements were analysed for scoring visually 
guided targeting movements. Walking while permanently tracking 
auditory or olfactory stimuli could not be scored, because the 
latter stimuli were absent. Item С did not occur under 
stroboscopie illumination, since this illumination precluded 
continuously tracking objects. 
NON-EXTERNALLY GUIDED TARGETING MOVEMENTS: walking from one side 
of the bar towards the target at the other side of the bar A/ 
without, or discontinuously touching the bar with the whiskers 
AND B/ without, or discontinuously grasping the bar AND C/ 
without ,or discontinuously tracking the bar, the wall at the end 
of the bar and alternately bar and wall with the head. In other 
words, all targeting movements which were elicited, but not 
continuously guided by external stimuli were scored. Per trial, 
each animal got either score 1, viz. executing externally guided 
targeting movements or score 0, viz. executing non-extern<jlly 
guided targeting movements. Per experimental session (3*3 
trials) an animal could produce a score varying from 0 to 9. 
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EXPERIMENTAL DESIGN 
A/ dl-SC INJECTIONS 
In the first experiment, the eight cats equipped with dl-SC 
cannulas were used. The animals were subjected to injections of 
different agents: Picrotoxin (100 ng/ .5 ul;Serva Feinbioche-
raica Heidelberg) or muscimol (75 ng/ 1 ul;Serva Feinbiochemica, 
Heidelberg) or distilled water (.5 ul), viz. the solvent of the 
drugs, were bilaterally injected into the dl-SC. This dose of 
Picrotoxin has been found to elicit GABA-specific effects which 
are also locus-specific, viz. exactly defined bilateral 
movements in an open-field test (5). The chosen dose of muscimol 
has been found to prevent the execution of non-externally guided 
targeting movements; this effect is both GABA-specific and 
locus-specific (5). Immediately before the dl-SC injections, and 
resp 14, 34 and 54 min after the injections the cats were 
subjected to a block of 3 trials. Per trial they had to walk to 
the other side of the bar under stroboscopie illumination. Per 
trial the presence of non- externally guided targeting movements 
was assessed. 
B/SNR INJECTIONS 
In the second experiment the eight cats equipped with SNR 
cannulas were used. In the first part of this experiment the 
animals had to walk to the other side of the bar under full 
light. In the second part the cats had to walk to the other end 
of the bar under stroboscopie illumination. The cats were 
subjected to injections of different agents: Picrotoxin (500 ng/ 
.5 ul), or muscimol (200 ng/ 1 ul) or distilled water (.5 ul ) 
were bilaterally injected into the SNR in the first part of the 
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experiment. To study the GABA-specificity of the Picrotoxin 
effects, Picrotoxin injections were given 10 min. before either 
muscimol or distilled water, viz. the control group. In the 
second part of the experiment only picrotoxin (500 ng/ .5 ul) or 
muscimol (200 ng/ 1 ul) or distilled water (1 ul) were 
bilaterally injected into the SNR. The chosen doses and volumes 
were based on the outcome of previous experiments (5). The 
time-schedule of the first experiment (see A) was used. In 
combined picrotoxin/ muscimol and picrotoxin/ distilled water 
experiments, however, the cats were subjected to a block of 3 
walking trials immediately before and respectively 18, 36 and 54 
min. after injecting picrotoxin into the SNR. In both parts of 
the experiment the presence of non-externally guided targeting 
movements was assessed per trial. 
STATISTICS 
In both experiments (A and B; see above) the cats were 
repeatedly used. As the population was small and nothing was 
known about the population distribution of the data concerning 
the non-externally guided targeting movements, a non- parametric 
test, viz. the Wilcoxon matched pairs signed ranks test (12) was 
applied. At the end of each experimental session for every 
animal the percentage of these targeting movements was calculated 
for both the pre-injection period (3 trials) and the post-
injection period (3*3 trials) in the following way: the total 
number of non-externally guided targeting movements was divided 
by the total number of targeting movements, both externally 
guided and non-externally guided, which were executed while 
bridging the gap between the starting point and the end of the 
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bar. 
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The percentage of non-externally guided targeting movements 
concerning the pre-injection period was subtracted from that 
concerning the post-injection period. The Wilcoxon matched pairs 
signed ranks test was applied on thus obtained scores. 
Group averages of percentage 
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FIGURE 3.3 Group averages of the percentage non-externally guided 
targeting movements executed after bilateral intramgral 
in]ections of distilled water (0.5 ul; H20), Picrotoxin (500 ng/ 
O.Sul; PTX), muscimol (200 ng/ lul; MSM), Picrotoxin (500 ng/ 
O.Sul) followed by distilled water (1 ul; PTX+H20) or Picrotoxin 
(500 ng/ 0.5) followed by muscimol (200 ng/ lul; PTX+MSM). The 
cats walked from one side of the bar to the other side of the bar 
under full light. The calculation of the percentage 
non-externally guided targeting movements is outlined in the 
section Materials and Methods. The number of animals 
participating in each experiment is indicated in the bars. *p< 
0.03, **p< 0.001. 
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3.4 RESULTS 
Bilateral dl-SC injection of Picrotoxin was found to 
significantly enhance (p<0.003) the execution of non-externally 
guided targeting movements in a test situation (beam-walking) in 
which injection of either muscimol or distilled water remained 
devoid of this effect. The data are shown in Figure 3.2. 
Bilateral SNR injection of Picrotoxin was found to suppress the 
execution of non-externally guided targeting movements in cats 
tested to walk on a bar in a fully illuminated room (p<0.001). 
Only Picrotoxin, but not muscimol was effective in this respect. 
The data are shown in Figure 3.3. In practice, cats SNR injected 
with Picrotoxin continuously touched the bar with their whiskers 
and/or continuously grasped the bar while walking from one side 
of the bar to the other side of the bar. In Figure 3.3 it is 
also shown that muscimol, but not distilled water, significantly 
attenuated the effect of Picrotoxin (p<0.03). Bilateral SNR 
injection of muscimol was found to significantly increase the 
execution of non-externally guided targeting movements in cats 
walking from one side of the bar to the other side of the bar 
under stroboscopie illumination (p<0.007). The data are 
represented in Figure 3.4. As can be deduced from this Figure, 
only muscimol, but not Picrotoxin, was effective in this respect. 
HISTOLOGICAL DATA 
Histological verification revealed that the injections placed 
into the SNR were located at A (3.0;3.5), L (5.1;6.3), V 
(3.0;4.1) (Figure 3.5). The injections placed into the dl-SC 
were located at A (1.0;2.0), L (3.0,-4.1) and D (2.9;3.9) (Figure 
3.6). 
167 
Group averages of percentage 
non-externally guided targeting 
movements 
-lo 
100-
-
80-
60-
40-
-
20-
-
* 
τ 
θ θ 
τ 
θ 
н2о 
Μ SM PT χ 
FIGURE 3.4 Group averages о 
targeting movements exe 
injections of distilled wat 
lul; HSM) or Picrotoxin 
walked from one side of the 
under stroboscopie illumina 
of the percentage non-exter 
outlined in the section 
animals participating in ea 
bars. *p< 0.007. 
f the percentage non-externally guided 
cuted after bilateral intranigral 
er (1 ul; 420), muscimol (200 ng/ 
(500 ng/ 0.5ul; PTX). The animals 
bar to the other side of the bar 
tion (2 flashes/sec). The calculation 
nally guided targeting movements is 
Materials and Methods. The number of 
ch experiment is indicated in the 
168 
3.5 DISCUSSION 
In the first experiment it was found that dl-SC applied 
Picrotoxin, but not muscimol or distilled water, enhanced the 
execution of non-externally guided targeting movements. It has 
already been reported that dl-SC injection of muscimol prevents 
the execution of these targeting movements (5). These data, 
together with the behavioural and electrophysiological studies 
mentioned before (see Introduction), provide direct evidence that 
the dl-SC is indispensible for the execution of non-externally 
guided targeting movements. 
A30 A35 
FIGURE 3.5 Topographic distribution of the SNR injection sites 
according to Snider and Niemer (1964). Only one side of the 
brain is shown because the distribution of the injection sites 
was found to be identical in the left and right SNR. 
In the second experiment it was found that SNR applied Picrotoxin 
suppressed the execution of non-externally guided targeting 
movements, in which parts of the body other than the eyes were 
involved. In contrast, SNR injected muscimol was found to 
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facilitate the execution of these targeting movements. Hikosaka 
and Wurtz (24) have shown that SNR applied muscimol facilitates 
the execution of non-externally guided targeting movements in 
which the eyes are involved, viz. goal directed saccadic 
movements. So it is evident that the integrity of the SNR is 
required for the execution of non-externally guided targeting 
movements in which the eyes as well as other parts of the body 
are involved. 
FIGURE 3.6 Topographic distribution of the dl-SC injection sites 
according to Snider and Niemer (1964). Since the distribution of 
the injection sites was found to be identical in the left and 
right dl-SC, only one side of the brain is depicted. 
Besides suppression of non-externally guided targeting movements, 
SNR injection of picrotoxin evokes the following SNR specific 
effects (4,47): cats freeze on the spot in an unusual, 
asymmetrical position and the animals are unable to lift their 
hindlimbs when the forelimbs are put on a bar which is placed 2 m 
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above the floor. It has been hypothesized that these SNR 
characteristic deficits are caused by an inability to use static 
proprioceptive stimuli, viz. stimuli originating in muscles or 
joints or organs of balance in the ears (2), for adjusting the 
body position or retracting the hindlimbs (5). Accordingly, 
these movements have been labeled propnotopic movements in 
contrast to propnoceptively directed movements which are 
suggested to require ongoing changes in proprioceptive stimuli, 
viz. dynamic proprioceptive stimuli, for their execution (5). 
Neither dl-SC application of muscimol nor dl-SC injection of 
Picrotoxin have direct consequences for the execution of these 
propnotopic movements (6). So we conclude that the execution of 
SNR specific propnotopic movements does not require an intact 
dl-SC. Since the execution of propnotopic movements is still 
possible in cats with a dysfunctioning dl-SC (see above), we 
suggest that the SNR information required for the execution of 
propriotopic movements is not sent to the dl-SC. Since the 
execution of non-externally guided targeting movements requires 
an intact SNR, we conclude that the dl-SC requires the SNR for 
its function, but not vice versa. 
As a final remark the following might be noted on the 
dissociation between externally guided targeting movements and 
non-externally guided targeting movements. Externally guided 
targeting movements that are considered to require ongoing 
changes in external stimuli, viz. dynamic exteroceptive stimuli, 
for their execution have been labeled exteroceptively directed 
movements (5). In contrast, non-externally guided targeting 
movements which are suggested to be elicited by static 
exteroceptive stimuli have been labeled exterotoplc movements 
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(5). Using the latter terminology, the present study shows that 
cats require an intact SNR in order to allow the dl-SC to direct 
exterotopic movements, whereas they do not need an intact dl-SC 
in order to allow the SNR to direct propriotopic movements. 
172 
3.6 References 
1 Anderson, N. and Mitsuo, Υ., Electrophysiological 
evidence for branching nigral projections to the 
thalamus and superior colliculus, Brain Res., 137 (1977) 
361-364. 
2 Bowman, W.C. and Rand, M.J. (Eds), Textbook of 
Pharmacology, Blackwell Scientific Publications, Oxford, 
1980, pp. 6.14. 
3 Chevalier, G., Vacher, S. and Deniau, J.Μ.,Inhibitory 
nigral influence on tectospinal neurons; a possible 
implication of basal ganglia in orienting behavior, 
Exp. Brain Res., 53 (1984) 320-326. 
4 Cools, A.R., Jaspers, R., Kolasiewicz, W., Sontag, K.H. 
and Wolfarth, S., Substantia Nigra as a station that 
not only transmits but also transforms incoming signals 
for its behavioral expression: striatal dopamine and 
GABA- mediated responses of pars reticulata neurons, 
Behav. Brain Res., 7 (1983) 39-49. 
5 Cools, A.R., Jaspers, R., Schwarz, H., Sontag, K.H., 
Vrymoed-de Vries, M. and Van den Bereken, J., Basal 
Ganglia and switching motor programs. In J.S. McKenzie, 
R.E. Кemm and L.N. Wilcock (Eds), Basal Ganglia ; 
Structure and Function. Plenum Press, New York, 1984, 
pp.513-544. 
6 Cools, A.R., Brain and Behaviour; Hierarchy of feedback 
systems and control of input. In P.P.G. Bateson and 
P.H. Klopfer (Eds), Perspectives in Ethology. Vol 6, 
Plenum Press, New York, 1985, pp.109-168. 
7 Dean, P. and Redgrave, P., The superior colliculus and 
173 
visual neglect in rat and hamster 1, Behavioral 
evidence, Brain Res. Rev., β (1984) 129-141. 
θ Deniau, J.П., Chevalier, G. and Feger, J., 
Electrophysiological study of the nigrotectal pathway 
in the rat, Neurosci. Lett., 10 (1978) 215-220. 
9 Enna, S.J., GABA receptors, Trends Pharmacol. Sci., 2 
(1981) 62-64. 
10 Enna, S.J., GABA receptor pharmacology; functional 
considerations, Biochem. Pharmacol., 30 (1981) 
907-913. 
11 Fagg, G.E. and Foster, A.C., Amino acid 
neurotransmitters and their pathways in the mammalian 
central nervous system, Neurosci., 9 (1983) 701-719. 
12 Ferguson, G.A. (Ed), Statistical analysis in psychology 
and education, McGraw-Hill, Tokyo, 1976. 
13 Francois, C , Percheron, G. and Yelnik, J-, 
Localization of nigrostriatal, nigrothalamic and 
nigrotectal neurons in ventricular coordinates in 
macaques, Neurosci., 13 (1984) 61-76. 
14 Gale, K. and Casu, П., Dynamic utilization of GABA in 
substantia nigra; regulation by dopamine and GABA 
in the striatum and its clinical and behavioral 
implications. Hoi. Cell. Biochem., 39, 1981, 369-405. 
15 Goodale, И.A. and Murison, R.C.C., The effects of 
lesions of the superior colliculus on locomotor 
orientation and the orienting reflex in the rat, Brain 
Res., 88 (1975) 243-261. 
16 Goodale, H.A., Foreman, N.P. and Milner, A.D., Visual 
orientation in the rat; a dissociation of deficits 
174 
following cortical and collicular lesions, Exp.Brain 
Res., 31 (197β) 445-457. 
17 Goodale, M.A., Neural mechanisms of visual orientation 
in rodents; targets versus places. In A. Hein and M. 
Jeannerod (Eds), Spatially oriented behaviour, 
Springer, New York, 19β3, pp.35-61. 
1Θ Graybiel, A.M., Organization of the nigrotectal 
connection; an experimental tracer study in the cat, 
Brain Res., 143 (1978) 339-348. 
19 Harris, L.R., The superior colliculus and movements of 
the head and eyes in cats, J. Physiol., 300 (1980) 
367-391. 
20 Heywood, C.A. and Cowey, Α., A compari sion of the 
effects of superior collicular ablation in infant and 
adult rats, Exp. Brain Res., 59 (19Θ5) 302-312. 
21 Hikosaka, 0. and Wurtz, R.H., Visual and oculomotor 
functions of monkey substantia nigra pars reticulata 4, 
relation of substantia nigra to superior colliculus, 
J. Neurophysiol., 49 (1983) 1285-1301. 
22 Hikosaka, O. and Wurtz, R.H., Effects on eye movements 
of a GABA agonist and antagonist injected into monkey 
superior colliculus, Brain Res., 272 (1983) 368-372. 
23 Hikosaka, 0. and Wurtz, R.H., Modification of saccadic 
eye movements by GABA-related substances 1. Effects of 
muscimol and bicuculline in the monkey superior 
colliculus, J. Neurophysiol., 53 (1985) 266-291. 
24 Hikosaka, 0. and Wurtz, R.H., Modification of saccadic 
eye movements by GABA-related substances 2. Effects of 
muscimol in the monkey substantia nigra pars 
175 
reticulata, J. Neurophysiol., 53 (1985) 292-308. 
25 Hopkins, D.A. and Niessen, L.W., Substantia nigra 
projections to the reticular formation, superior 
colliculus and central grey in the rat, cat and monkey, 
Neurosci. Lett., 2 (1976) 253-259. 
26 Jayaraman, Α., Batton, R.R. and Carpenter,Μ.Β., 
Nigrotectal projections in the monkey; an autoradio 
graphic study, Brain Res., 135 (1977) 147-152. 
27 Joseph, J.P. and Boussaoud, D., Involvement of the 
substantia nigra pars reticulata in eye-and head 
movements in the cat, Neurosci. Lett, suppl., 10 
(1982) s257. 
28 Joseph, J.P. and Boussaoud, D., Role of the cat 
substantia nigra pars reticulata in eye- and head 
movements 1; neural activity, Exp. Brain Res., 57 
(1985) 286-296. 
29 Kanaseki, T. and Sprague, J.M., Anatomical organization 
of pretectal nuclei and tectal laminae in the cat, J. 
Comp. Neurol., 158 (1974) 319-338. 
30 Karabelas, A.B. and Hoschovakis, A.K., Nigral 
inhibitory termination on efferent neurons of the 
superior colliculus; an intracellular horseradish 
peroxidase study in the cat, J. Comp. Neurol., 239 
(1985) 309-329. 
31 King, A.J., Auditory and visual maps of space in the 
mammalian superior colliculus, Neurosci. Lett. supp., 
21 (1985) s5. 
32 Kirvel, R.D., Greenfield, R.A. and Meyer,D.R., Multi 
modal sensory neglect in rats with radical unilateral 
176 
posterior isocortical and superior collicular 
ablations, J. Comp. Phys. Psychol-, 87 (1974) 156-162. 
33 Marshall, J.F., CompariSion of the sensorimotor 
dysfunctions produced by damage to lateral hypothalamus 
or superior colliculus in the rat, Exp. Neurol., 58 
(1978) 203-217. 
34 Hay, P.J. and Hall, W.C., Relationships between the 
nigro-tectal pathway and the cells of origin of the 
predorsal bundle, J. Comp. Neurol., 226 (1984) 357-376. 
35 Milner, A.D., Lines, C.R. and Migdal, В., Visual 
orientation and detection following lesions of the 
superior colliculus in the rats, Exp. Brain Res., 56 
(1984) 106-114. 
36 Overton, P., Dean, P. and Redgrave, P., Detection of 
visual stimuli in far periphery by rats; possible role 
of superior colliculus, Exp. Brain Res., 59 (1985) 
559-569. 
37 Rinvik, E., Grofova, I. and Ottersen, O.P., 
Demonstration of nigrotectal and nigroreticular 
projections in the cat by axonal transport of proteins, 
Brain Res., 112 (1976) 388-394. 
38 Robinson, D.A., Control of eye movements. In J.M. 
Brookhart and V.B. Mountcastle (Eds), Handbook of 
physiology section 1, the nervous system; part 2 motor 
control, American Physiological Society, Bethesda, 
1981. 
39 Roucoux, A. and Crommelinck, M., Eye movements evoked 
by superior colliculus stimulation in the alert cat, 
Brain Res., 106 (1976) 349-363. 
177 
40 Scheel-Kruger, J., The GABA receptor and animal 
behaviour; evidence that GABA transmits and mediates 
dopaminergic functions in the basal ganglia and limbic 
system. In: S.J. Enna (Ed), The GABA receptors, The 
Humana Press, Clifton, 1983, pp. 216-256. 
41 Simmonds, M.A., Multiple GABA receptors and associated 
regulatory sites. Trends Neurosci., 6 (1983) 279-281. 
42 Snider, R.S. and Niemer, W.T., A stereotaxic atlas of 
the cat brain. University Chicago Press, London, 1964. 
43 Sparks, D.L. and Mays, L.E., Movement fields of 
saccade-related burst neurons in the monkey superior 
colliculus. Brain Res., 190 (1980) 39-50. 
44 Straschill, M. and Riegel, P., Eye movements evoked by 
focal stimulation of the cat superior colliculus. Brain 
Res., 59 (1973) 211-227. 
45 Vincent, S.R., Hattori, T. and McGeer, E.G., The 
nigrotectal projection; a biochemical and ultra-
structural characterization. Brain Res., 151 (1978) 
159-164. 
46 Wickelgren, B.G., Superior Colliculus; some receptive 
field properties of bimodally responsive cells, 
Science, 173 (1971) 69-72. 
47 Wolfarth, S., Kolasiewicz, W. and Sontag, R.H., The 
effects of muscimol and Picrotoxin injections into the 
cat substantia nigra, Naunyn-Schmiedebergs Arch. 
Pharmacol., 317 (1981) 54-60. 
48 Wurtz, R.H. and Albano, J.E., Visual-motor function of 
the primate superior colliculus, Ann. Rev.Neurosci., Э 
(1980) 189-226. 

179 
CHAPTER 4 
THE INTERRELATIONSHIP BETWEEN SUPERIOR COLLICULUS AND 
SUBSTANTIA NIGRA PARS RETICULATA IN PROGRAHMING 
MOVEMENTS OF CATS: A FOLLOW-UP. 
4.1 SUMMARY 
The present feline study deals with the execution of targeting 
movements which can be elicited either by injection of Picrotoxin 
into the deeper layers of the superior colliculus (dl-SC) or by 
application of muscimol into the substantia nigra pars reticulata 
(SNR), and suppressed either by dl-SC injection of muscimol or by 
SNR application of Picrotoxin: the movements under discussion 
are the so-called non-externally guided targeting movements, i.e. 
targeting movements that are elicited but not continuously guided 
by external (visual, auditory, olfactory and tactile) stimuli. 
In this study we investigated whether the integrity of the SNR is 
required for the execution of these targeting movements elicited 
from the dl-SC. Therefore cats were trained to walk from one 
side of a narrow bar to the other side under stroboscopie 
illumination (2 flashes/sec). The animals received bilateral 
injections both into the SNR (solvent 0.5 ul or Picrotoxin 500 ng 
/0.5ul) and into the dl-SC (solvent 0.5 ul or Picrotoxin 50- 100 
ng /0.5ul). Injections of Picrotoxin into the dl-SC did not 
evoke non-externally guided targeting movements in case 
Picrotoxin was also injected into the SNR. It is concluded that 
the integrity of the SNR is required for the execution of 
non-externally guided targeting movements elicited from the 
1Θ0 
dl-SC. 
Besides, we investigated whether freezing, i.e. a SNR specific 
effect, which can be evoked by injection of Picrotoxin into this 
area, is funnelled through the dl-SC. Therefore, the behaviour 
of cats which had received bilateral injections both into the SNR 
(solvent 0.5 ul or Picrotoxin 500 ng /0.5ul) and into the dl-SC 
(solvent 0.5 ul or Picrotoxin 50- 100 ng /0.5ul) was analysed. 
Application of Picrotoxin into the dl-SC did not suppress the 
occurrence of freezing, elicited by SNR injection of Picrotoxin. 
It is concluded that the SNR specific freezing is not channelled 
through the dl-SC. 
4.2 INTRODUCTION 
Rats with deep collicular (dl-SC) ablation have been reported to 
guide their goal directed movements accurately under external 
control, whereas these animals can not execute targeting 
movements that are elicited but not continuously guided by 
external stimuli (13, 14, 15, 32). Consequently two types of 
targeting movements have been dissociated: targeting movements 
which are elicited but not continuously guided by external 
stimuli, i.e. non-externally guided targeting movements and tar­
geting movements which are continuously guided by external 
stimuli, i.e. externally guided targeting movements (6, 12). 
It has been shown that injection of muscimol, a GABA-ergic 
agonist, into the deeper layers of the superior colliculus 
(dl-SC) suppresses the execution of non-externally guided 
targeting movements (cat: 12, monkey: 21, rat: 7). On the 
other hand, dl-SC injected Picrotoxin and bicuculline, agents 
that attenuate and inhibit respectively the activity of GABA, 
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facilitate the execution of non-externally guided targeting 
movements (12, 21). Based on these results it has been concluded 
that the dl-SC is indispensible for the execution of 
non-externally guided targeting movements (12). 
The substantia nigra pars reticulata (SNR) projects to the dl-SC 
(cat: 1, 16, 33, for review: 8) exerting a potent inhibitory 
influence on collicular neurons (cat: 2Θ) through the release of 
gamma amino butyric acid (GABA) (for review: 9, 11). Moreover, 
the SNR controls the GABA-ergic dl-SC activity (31). Thus, 
enhancement of the GABA-ergic SNR activity decreases the 
GABA-ergic dl-SC activity, whereas reduction of the GABA-ergic 
SNR activity increases the GABA-ergic dl-SC activity. Recently 
it has been shown that the SNR affects the execution of 
non-externally guided targeting movements. Injection of 
Picrotoxin into the SNR suppresses the execution of 
non-externally guided targeting movements (12, 24), whereas SNR 
applicaton of muscimol elicits the execution of these targeting 
movements (cat: 12, monkey: 22, rat: 24). These results 
suggest that the integrity of the SNR is required for the 
execution of non-externally guided targeting movements. In the 
present study this hypothesis was investigated. Therefore cats 
were trained to walk from one side of a narrow bar to the other 
side under stroboscopie illumination (2 flashes/sec). In a 
previous study it has been found that cats walking from one side 
of the bar towards the target at the other side of the bar under 
stroboscopie illumination (2 flashes/sec.) nearly always execute 
externally guided targeting movements instead of non-externally 
guided targeting movements (12). Additionally, it has been found 
that this particular set-up is useful for assessing an 
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enhancement of non-externally guided targeting movements (12). 
In order to investigate the hypothesis mentioned above, the 
latter set-up was used for analysing the effect of dl-SC 
injection of Picrotoxin on the execution of non-externally guided 
targeting movements in cats pretreated with Picrotoxin into the 
SNR. 
SNR injection of Picrotoxin not only suppresses the execution of 
non-externally guided targeting movements, but also evokes SNR 
specific effects (4, 43): cats freeze on the spot often in an 
unusual position and the animals do not retract their hindlimbs 
when their forelimbs are put on a bar which is placed 2 m. above 
the floor. 
However neither dl-SC applied Picrotoxin nor dl-SC injected 
muscimol evokes freezing or hindlimbs deficits (5). On the basis 
of these results it was hypothesized that these SNR specific 
effects are not funnelled through the dl-SC. In this study this 
hypothesis was investigated. Therefore the occurrence of 
freezing was analysed in cats which had received SNR injection of 
Picrotoxin followed by dl-SC application of Picrotoxin. 
4.3 MATERIALS AND METHODS 
SUBJECTS 
Male cats (n»8) weighing between 3.9 and 4.8 kg were used. They 
were housed in an iron cage (2* 1.5* 1.5 m). Food (Hope Farms) 
and water were ad libitum available, except during the test 
periods. The animals were equipped with stainless steel guide 
cannulas directed at the substantia nigra pars reticulata (SNR) 
and the deeper layers of the superior colliculus (dl-SC). 
183 
SURGICAL PROCEDURE AND HISTOLOGICAL VERIFICATION 
Under pentobarbital anaesthesia (40 mg/kg, I.P.) stainless steel 
guide cannulas with inner and outer diameter of 0.4 and 0.8 nun. 
resp. were stereotaxically implanted 0.1 mm. above the left and 
right substantia nigra pars reticulata (coordinates A 3.0 L 6.0 V 
3.2 of Snider and Niemer (38) and at an angle of 10 degrees with 
the sagittal plane). Moreover, the same cats were also equipped 
with stainless steel guide cannulas (inner and outer diameter 0.4 
and 0.Θ mm. resp.) directed at the superior colliculus. In 
order to avoid damage to the tectal tissue the tips of the 
cannulas were implanted above the superior colliculus (A 1.5 L 
3.5 D 6.5; Snider and Niemer (38)). In this paper the superior 
colliculus is subdivided into superficial and deeper layers 
according to the terminology of Kanaseki and Sprague (27). In 
order to allow injections into the deeper layers of the superior 
colliculus (A 1.5 L 3.5 D 3.5) a Hamilton syringe (diameter of 
the injection needle 0.35 mm.; sharpened tip), protruding 3.0 
mm. below the tip of the guide cannula was used. At the end of 
the last behavioural test the cats were deeply anaesthetized and 
subsequently perfused through the heart with a 4% formaldehyde 
solution. The brains were removed and subsequently dissected 
with the help of a cryostat (temperature -18 C) in order to 
estimate the location of the tip of the injection needles. 
APPARATUS 
OPEN FIELD SITUATION 
A sound tight wooden observation cage (90* 60* 60 cm.) with a 
plexiglass front panel was used. In this situation the feline 
behaviour executed in the inter-block intervals (see Bar-Test) 
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was recorded on videotape by means of a closed T.V. circuit and 
subsequently analysed. 
BAR-TEST 
A wooden bar, 2.5 m. in length and 5 cm. in width, was fixed at 
a height of 2 m. At the end of the bar a wooden platform (115* 
35 cm.) was fixed at a height of 1.40 m. The experiments were 
run under stroboscopie illumination (2 flashes/ s e c ) . For that 
purpose a strobotac electronic stroboscope, type 1531-a (General 
Radio Company, Massachusetts) was used. The cats were trained to 
walk from one end to the other end of the bar in order to jump 
onto the platform fixed 60 cm. below the end of the bar. On the 
platform the animals were allowed to eat some pallatable food 
(Hope Farms). The training took place according to previously 
described procedures; for a graphic representation of the 
experimental room see Gelissen and Cools (12). The experimental 
sessions were started with trained cats being able to walk from 
one side of the bar to the other side. The inter-session 
intervals were 7 days. Each session consisted of 3 blocks of 3 
trials. The inter-trial interval was 20 seconds, whereas the 
inter-block interval depended on the behaviour of the cats in the 
open field situation (see Experimental Design), in each trial 
the cat had to walk from one side of the bar to the other side. 
DEPENDENT VARIABLES 
OPEN FIELD SITUATION 
The following types of behaviour were scored in the open field 
situation: 
FREEZING: In accordance with previous work (4), freezing was 
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defined as absence of any movement for a period of at least 30 
seconds. The first time the cat stayed immobile for at least 30 
seconds in each of 2 subsequent minutes, was scored as the 
beginning of the freezing behaviour. The moment the cat no 
longer stayed immobile for at least 30 seconds in each of 2 
subsequent minutes was scored as the end of the freezing 
behaviour. Per experimental session for each animal the 
duration, the beginning and the end of the freezing behaviour was 
assessed. 
DL-SC SPECIFIC HEAD AND TORSO MOVEMENTS: In accordance with 
previous work (25) the dl-SC specific movements were defined as 
follows: brisk, short, lateral head and torso movements 
exhibited in such a way that each subsequent head and torso 
movement 1. starts from the position in which the preceding head 
and torso movement had ended and 2. is directed to the same side 
as the preceding head and torso movement. In other words, only 
experimentally induced staircase movements of the head and torso 
were scored. Per experimental session for each animal the dl-SC 
specific head and torso movements were counted (for the exact 
scoring period see Experimental Design). 
BAR-TEST 
The following types of targeting movements were scored: 
EXTERNALLY GUIDED TARGETING MOVEMENTS: walking from one Side Of 
the bar towards the target at the other side of the bar while A/ 
continuously touching the bar with the whiskers, OR B/ 
continuously grasping the bar, i.e. creeping forward while fore-
and/or hindpaws continuously slide along the edge of the bar. 
Walking while continuously tracking auditory or olfactory stimuli 
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could not be scored because the latter stimuli were absent. 
Targeting movements that are continuously guided by visual 
stimuli could not be scored either, because stroboscopie 
illumination (2 flashes/ sec.) prevented their occurrence. 
NON-EXTERNALLY GUIDED TARGETING MOVEMENTS: walking from one side 
of the bar towards the target at the other side of the bar A/ 
without or discontinuously touching the bar with the whiskers, 
AND B/ without or discontinuously grasping the bar (see above). 
In other words, all targeting movements which were elicited but 
not continuously guided by external stimuli were scored. Per 
trial each animal got either score 1, i.e. executing non-
externally guided targeting movements, or score 0, i.e. 
executing externally guided targeting movements. Per experimen-
tal session (3*3 trials) an animal could produce a score varying 
from 0 to 9. 
EXPERIMENTAL DESIGN 
The cats were bilaterally injected with Picrotoxin (Serva 
Feinbiochemica, Heidelberg) and distilled water, i.e. the 
solvent of Picrotoxin, into the SNR and the dl-SC: the order of 
the experiments is represented in Table 4.1. 
The doses of Picrotoxin were based on the outcome of previous 
experiments (12, 25). 
The SNR injections were given 1 minute before the dl-SC 
injections. A schematic representation of the experimental 
design is depicted in Figure 4.1. 
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TABLE 4.1 
Schematic representation of various combinations of Picrotoxin 
and distilled water as injected into the dl-SC and the SNR. 
The doses and volumes are indicated in brackets. 
1 
2 
3 
4 
5 
6 
SNR 
Picrotoxin (500 
dist. water 
dist. water 
Picrotoxin (500 
dist. water 
Picrotoxin (500 
ng 
ng 
ng 
/0 
(0 
(0 
/0 
(0 
/0 
5ul) 
5ul) 
5ul) 
5ul) 
5ul) 
Sul) 
dist. water 
dist. water 
Picrotoxin 
Picrotoxin 
Picrotoxin 
Picrotoxin 
dl-SC 
(100 
(100 
(50 
(50 
ng 
ng 
ng 
ng 
(0 
(0 
/0 
/0 
/0 
/0 
5ul) 
Sul) 
Sul) 
Sul) 
Sul) 
Sul) 
OPEN FIELD SITUATION 
With respect to the freezing behaviour, the beginning, the end 
and the duration were determined. 
The number of dl-SC specific head and torso movements was counted 
in a fixed period. This period was delimited in the following 
way: In case Picrotoxin was injected both into the SNR and into 
the dl-SC (lOOng /0.5ul or 50ng /0.5 ul) for each animal the 
dl-SC specific movements were counted in the period lasting from 
the end of the second post-injection block (see Bar-Test) until 
the end of the freezing behaviour (e. Figure 4.1). Note that the 
duration of this period depends on the dose of Picrotoxin 
injected into the dl-SC (see Legends Figure 4.3). The 
observation periods that were used in the latter experiments, 
were also used in the corresponding control sessions in which 
either the same dose of Picrotoxin (lOOng /O.Sul or 50ng /0.5ul) 
1Θ8 
or distilled water were injected into the dl-SC in addition to 
SNR injection of Picrotoxin or distilled water. 
pre post 1 post 2 post 3 
c=\ t=zza , ршга , ( = 1 
ο ι в B.2 ε Е-г 
t I 
SNR dl-SC 
FIGURE 4.1 Experimental design. 
PRE pre-injection block of 3 trials. 
0 point of injection into the SNR. 
1 point of injection into the dl-SC. 
POST post-injection block of 3 trials. 
В beginning of freezing behaviour. 
(B+2) 2 minutes after the beginning of the freezing behaviour. 
E end of freezing behaviour. 
(E+2) 2 minutes after the end of the freezing behaviour. 
BAR-TEST 
The cats were subjected to 1 block of 3 trials immediately before 
the SNR injections and 3 blocks of 3 trials after the dl-SC 
injections, i.e. immediately after the dl-SC injections (first 
post-injection block), 2 minutes after the beginning of the 
freezing behaviour (second post-injection block; (b+2), Figure 
4.1) and finally, 2 minutes after the end of the freezing 
behaviour (third post-injection block; (e+2), Figure 4.1). 
In case no freezing behaviour occurred (Table 4.1, combinations 
2,3 and 5) the cats were subjected to the bar-test at observation 
periods similar to those that were used when the animal in 
question had received SNR injections of Picrotoxin (500ng /0.5ul) 
and dl-SC injections of distilled water (0.5ul). 
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STATISTICS 
OPEN FIELD SITUATION 
Each cat participated in every experimental session. Since the 
population was small and nothing was known about the population 
distribution of the data under study, a non-parametric test, i.e. 
the Wilcoxon matched pairs signed ranks test (10) was used. This 
test was applied to the data concerning both types of open field 
behaviour, i.e. the duration, the end and the beginning of the 
freezing behaviour and the number of dl-SC specific head and 
torso movements executed. 
BAR-TEST 
At the end of each experimental session for every animal the 
percentage non-externally guided targeting movements was 
calculated for both the pre-injection period (3 trials) and the 
post-injection period (3*3 trials). Therefore the total number 
of non-externally guided targeting movements was divided by the 
total number of targeting movements, both externally guided and 
non-externally guided, which were executed while walking to the 
required end of the bar. The percentage of non-externally guided 
targeting movements concerning the pre-injection period was 
subtracted from that concerning the post-injection period. The 
Wilcoxon matched pairs signed ranks test was applied on thus 
obtained scores (cf. 12). 
4.4 RESULTS 
OPEN FIELD SITUATION 
Figure 4.2 represents the data concerning the freezing behaviour. 
SNR injection of Picrotoxin evoked freezing behaviour (p<0.01). 
Freezing occurred even in case SNR application of Picrotoxin was 
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followed by injection of Picrotoxin (100 ng /0.5ul and 50 ng 
/0.5ul) into the dl-SC. 
Group averages of the duration (in mm) • 
100 -
8 0 -
6 0 -
4 0 -
2 0 -
SNR H 2 0 PTX PTX H 2 0 PTX H 2 0 
d l - S C PTX PTX HjO H 2 0 PTX PTX 
n g / 5 i i l 100 100 5 0 5 0 
FIGURE 4.2 Group averages of the duration (in rain.) of the 
freezing behaviour after bilateral injections into the SNR and 
into the dl-SC. The number of cats participating in each 
experiment is indicated in the bars. Abbreviations: H20-
distilled water, PTX= Picrotoxin. The doses and volumes are 
indicated under the Figure. *p< 0.01. 
However, injection of Picrotoxin (100 ng /0.5ul) into the dl-SC 
significantly reduced the duration of the freezing behaviour that 
was elicited by SNR injection of Picrotoxin (p<0.01). In 
contrast, dl-SC injection of Picrotoxin (50 ng /0.5ul) remained 
devoid of this effect. Dl-SC injection of Picrotoxin (100 ng 
/O.Sul and 50 ng /O.Sul) itself did not evoke freezing. The 
group averages of the beginning and the end of the freezing 
behaviour are represented in Table 4.2. Freezing executed after 
SNR application of Picrotoxin (500 ng /0.5ul) and dl-SC injection 
of Picrotoxin (100 ng /O.Sul) started later (p<0.05) and ended 
earlier (p<0.05) compared to the freezing elicited by SNR 
injection of Picrotoxin (500 ng /O.Sul) and dl-SC application of 
distilled water (O.Sul). 
ol the f reez ing behaviour 
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TABLE 4.2 
Group averages of the beginning and the end of the freezing 
behaviour. 
The beginning and the end of the freezing behaviour are expressed 
in minutes after the dl-SC injection. 
The number in parentheses refer to the SEM.' 
SNR 
dl-SC 
beginning 
end 
PTX 500ng /O.Sul 
H20 O.Sul 
9.5 (0.89) 
68 (5.2) 
PTX 500ng /O.Sul 
PTX lOOng /O.Sul 
19.5 (5.8)* 
52 (5.0)* 
PTX SOOng /O.Sul 
PTX SOng /O.Sul 
10.5 (0.8) 
61 (5.5) 
*p< 0.05 
Abbreviations: PTX- Picrotoxin, H20- distilled water. 
Injection of Picrotoxin into the dl-SC evoked dl-SC specific head 
and torso movements (picrotoxin 100 ng /O.Sul; p<0.001 and 
Picrotoxin 50 ng /O.Sul; p<0.001). These movements never 
occurred after SNR application of picrotoxin. Moreover, SNR 
injection of picrotoxin did not reduce the head and torso 
movements elicited by application of picrotoxin into the dl-SC. 
These results are represented in Figure 4.ЗА and 4.3B. 
BAR-TEST 
Bilateral dl-SC injection of picrotoxin (100 ng /O.Sul and 50 ng 
/O.Sul) significantly increased the execution of non-externally 
guided targeting movements both in the second post-injection 
block (100 ng /O.Sul; p<0.001 and 50 ng /O.Sul; p<0.001) and in 
the third post-injection block (100 ng /O.Sul; p<0.05). It did 
not increase the execution of these targeting movements in the 
first post-injection block. These results are represented in 
Figure 4.4. 
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Bilateral SNR injection of Picrotoxin (500 ng /O.Sul) itself had 
no effect on the execution of the targeting movements under study 
(Figure 4.4A, 4.4B, 4.4C). However, SNR injection of Picrotoxin 
suppressed the enhancement in the execution of non-externally 
guided targeting movements as induced by dl-SC application of 
Picrotoxin in the second (picrotoxin 100 ng /O.Sul; p<0.001 and 
Picrotoxin 50 ng /O.Sul; p<0.001) and the third post-injection 
block (picrotoxin 100 ng /O.Sul p<0.05). These results are 
represented in Figure 4.4B and 4.4C. 
HISTOLOGICAL DATA 
Histological verification revealed that injections placed into 
the SNR were located at A (2.5,-3.0), L (5.0,-6.4), V (3.0,-4.3). 
The injections placed into the dl-SC were located at A (1.0;2.0), 
L (3.2;4.4), D (3.0;4.0). 
The topographic distributions of the injection sites in the dl-SC 
and SNR are represented in Figure 4.5 and Figure 4.6 
respectively. 
FIGURE 4.3 Group averages of the number of dl-SC specific, 
staircase head and torso, movements after bilateral injection 
into the SNR and into the dl-SC. The number of cats 
participating in each experiment is indicated in the bars. 
Abbreviations: H20- distilled water, PTX- picrtoxin. The duses 
and volumes are indicated under the Figure. 
It has to be noted that the number of dl-SC specific movements, 
depicted in Figure 4.ЗА and Figure 4.3B are not comparable; the 
dl-SC specific movements, represented in Figure 4.ЗА and Figure 
4.3B were counted in periods of different durations, in view of 
the dose-dependency of dl-SC applied picrotoxin on the duration 
of the freezing behaviour as elicited by SNR injection of 
picrotoxin (see Materials and Methods). * p< 0.001. 
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4.5 DISCUSSION 
OPEN FIELD SITUATION 
In accordance with previous studies (4, 43), it was found that 
SNR injection of Picrotoxin elicited freezing. Application of 
Picrotoxin (100 ng /0.5ul but not 50 ng /0.5ul) into the dl-SC 
reduced the duration of freezing elicited by SNR injection of 
Picrotoxin. Nevertheless, freezing occurred in case Picrotoxin 
was injected both into the SNR and into the dl-SC (100 ng /O.Sul 
and 50 ng /O.Sul). Dl-SC injection of Picrotoxin (100 ng /0.5 ul 
and 50 ng /O.Sul) evoked characteristic head and torso movements. 
These head and torso movements occur in a dose dependent manner 
only in case the GABA-ergic activity in the dl-SC is reduced 
(25). The present study shows that SNR injection of Picrotoxin 
did not reduce these dl-SC specific movements. 
In other words, freezing intermingled with dl-SC specific 
movements occurred in cats which had received Picrotoxin both 
into the SNR and into the dl-SC. 
FIGURE 4.4 Group averages of the percentages non-externally 
guided targeting movements, executed after bilateral injections 
into the SNR and into the dl-SC. The cats walked from one side 
of the bar to the other side under stroboscopie illumination (2 
flashes/sec). 
The calculation of the percentage non-externally guided targeting 
movements is outlined in the section Materials and Methods. The 
number of cats participating in each experiment is indicated in 
the bars. Abbreviations: H20= distilled water, PTX» Picrotoxin. 
The doses and volumes are indicated under the Figure. 
Figure 4.4A: Immediately after dl-SC injection. 
Figure 4.4B: 2 min. after beginning of freezing behaviour. 
Figure 4.4C: 2 min. after end of freezing behaviour. 
*p< 0.001, **p< 0.05. 
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The fact that freezing occurred in cats which executed behaviour 
indicative of a decreased GABA-ergic dl-SC activity, i.e. dl-SC 
specific head and torso movements, is incompatible with the 
hypothesis that freezing, elicited by decreasing the GABA-ergic 
activity in the SNR, is funnelled through the dl-SC. 
These results are in accordance with previous studies which 
report that neither freezing nor other SNR specific effects, such 
as hindlimb deficits (43) could be elicited by dl-SC injection of 
muscimol (5). Since the SNR not only projects to the dl-SC but 
also to the thalamus (1, 8, 36) and the reticular formation (8, 
23, 33, 37), it might be speculated that freezing and other SNR 
specific behaviour are channelled through these structures. 
Anyhow, it can be concluded that SNR specific freezing is not 
funnelled through the dl-SC. 
FIGURE 4.5 Topographic distribution of the dl-SC injection sites 
according to Snider and Niemer (38). Since the distribution of 
the injection sites was found to be identical in the left and 
right dl-SC, only one side of the brain is depicted. 
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BAR-TEST 
Recently it has been shown that decreasing the GABA-ergic dl-SC 
activity acts like increasing the GABA-ergic SNR activity and 
vice versa, with respect to the execution of non-externally 
guided targeting movements nf the eyes, head and body (12, 21, 
2 2 ) . Based on these results it was hypothesized that the 
integrity of the SNR is required for the execution of 
non-externally guided targeting movements. 
In this study it was found that dl-SC injection of Picrotoxin 
(100 ng /0.5 ul and 50 ng /0.5 ul) did not elicit these targeting 
movements in case Picrotoxin was also injected into the SNR. 
A 2.5 A. 3.0 
FIGURE 4.6 Topographic distribution of the SNR injection sites 
according to Snider and Niemer (3Θ). Only one side of the brain 
is shown, because the distribution of the injection sites was 
found to be identical in the left and right SNR. 
198 
This provides evidence for the hypothesis that an intact SNR is 
required for the execution of non-externally guided targeting 
movements. 
Recently it has been shown that deep collicular neurons increase 
their firing rate before the execution of non-externally guided 
targeting movements (19, 39, 40, 41, 44). On the other hand, SNR 
cells exhibit a phasic arrest of their tonic spontaneous 
discharge before the execution of these targeting movements (18, 
19, 26, 29). It has been suggested that the SNR affects the 
execution of non-externally guided targeting movements by 
exerting a gating effect on the excitability of the tectal 
neurons via a disinhibitory mechanism. In other words, the SNR 
may release the dl-SC from the tonic inhibition, resulting in an 
enhanced reactivity of tectal neurons to sensory input (2, 19, 
28). The GABA-ergic activity in the SNR is known to direct the 
reactivity of tectal neurons to sensory input: experimentally 
induced increment of the GABA-ergic activity in the SNR has been 
found to increase the responsiveness of tectal neurons to sensory 
input (3). This mechanism might underlie the findings discussed 
in this study. 
As a final remark the following might be noted on the 
interrelationship between the SNR and dl-SC with respect to the 
occurrence of non-externally guided targeting movements. 
As described above, SNR application of Picrotoxin in combination 
with dl-SC injection of Picrotoxin dissociates the two parameters 
that can be elicited by application of Picrotoxin into the dl-SC, 
i.e. dl-SC specific head and torso movements and non-externally 
guided targeting movements. Bilateral eye, head, torso movements 
can be elicited by pharmacological intervention (present study, 
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20, 21, 25) and electrical stimulation (17, 30, 34, 35, 42) of 
the dl-SC. They result from an artificial increase in the 
neuronal dl-SC activity and are independent of external stimuli: 
the stimulation effect might be likened to a motor phosphene as 
described by Hikosaka and Wurtz (21). Non-externally guided 
targeting movements which are elicited by external stimuli, 
however, are by definition dependent on incoming external 
signals. 
Since the GABA-ergic SNR activity directs the reactivity of 
tectal neurons to sensory input (see above), it might be 
suggested that SNR application of Picrotoxin, which attenuates 
the GABA-ergic activity, results in a decreased sensitivity of 
tectal neurons to incoming signals, which in turn results in a 
decline in the execution of non-externally guided targeting 
movements. 
So, based on the present findings and related electrophysiolog-
ical studies mentioned above, it might be speculated that the SNR 
plays an important role in the accessibility of the dl-SC to 
those incoming external signals that are necessary for the 
programming of non-externally guided targeting movements. 
In summary, we have provided evidence that the integrity of 
the SNR is required for the execution of non-externally guided 
targeting movements, whereas the integrity of the dl-SC is not 
necessary for the occurrence of SNR specific freezing. 
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CHAPTER 5 
MOVEMENTS OF CATS ON A ROTATING CYLINDER: ROLE OF THE 
SUBSTANTIA NIGRA PARS RETICULATA AND THE 
DEEPER LAYERS OF THE SUPERIOR COLLICULUS. 
5.1 SUMMARY 
Recently it has been shown that the substantia nigra pars 
reticulata (SNR) is required for adjusting the body position. In 
this study the role of the SNR in the execution of movements was 
investigated. Therefore, the effects of bilateral SNR injections 
of Picrotoxin (SOOng /O.Sul) and muscimol (200ng /lul) were 
investigated on movements of cats which were trained to cross a 
rotating cylinder. SNR injection of Picrotoxin suppressed the 
movements that were executed by cats injected with distilled 
water (O.Sul), i.e. "normal movements". While crossing the 
rotating cylinder, Picrotoxin injected cats mainly executed 
movements that almost never occurred in distilled water treated 
cats. Picrotoxin injected cats executed "special movements", 
i.e. forward locomotion in which the hindlimbs were affected, 
and "counter movements". While executing the latter movements no 
forward locomotion occurred at all; the cats solely executed 
lateral fore- and hindlimb movements opposite to the direction in 
which the cylinder rotated. SNR application of muscimol enhanced 
the execution of "normal movements". 
Since the SNR sends information to the deeper layers of the 
superior colliculus (dl-SC) via GABA-ergic fibers, it was also 
investigated whether pharmacological stimulation (muscimol) and 
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inhibition (picrotoxin) of the GABA-ergic dl-SC activity affected 
these movements on the rotating cylinder: no changes were 
observed after injecting otherwise effective doses of muscimol 
(75ng /lul) and picrotoxin (lOOng /0.5ul). 
In order to compare the function of the SNR and dl-SC in 
programming a different type of movements, the effects of 
GABA-ergic agents in the dl-SC (picrotoxin lOOng/ 0.5ul and 
muscimol 75ng/ lul) and the SNR (picrotoxin 500ng/0.5ul and 
muscimol 200 ng/ lul) were investigated on the feline ability to 
execute goal directed movements in an experimental set-up that 
prevented the occurrence of targeting movements which were 
continuously guided by external, i.e. auditory, visual, tactile 
and olfactory stimuli. For that purpose cats were trained to 
step out of a startbox on a rotating cylinder, i.e. the target. 
Dl-SC injection of muscimol or SNR application of picrotoxin 
prevented the cats from stepping out of the startbox on the 
rotating cylinder. In contrast, cats injected with muscimol into 
the SNR or picrotoxin into the dl-SC stepped out of the startbox, 
although dl-SC application of picrotoxin elicited forelimb 
misplacements: frequently the cats placed their forelimbs along­
side of, but not on the cylinder when trying to leave the 
startbox. 
The results are discussed in terms of the role of the SNR and the 
dl-SC in programming movements of cats. 
5.2 INTRODUCTION 
Previously (4, 19, 52) it has been found that injection of 
picrotoxin, a GABA-ergic antagonist (11, 46), into the substantia 
nigra pars reticulata (SNR) evokes a highly characteristic, GABA 
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'specific and locus specific, effect in cats placed in a familiar 
open field situation. The SNR defective cats freeze on the spot 
often in an unusual position. In line with these findings, SNR 
application of Picrotoxin has been found to induce the 
characteristic freezing in cats placed on a stationary running 
belt (27). When the belt starts, however, the cats injected with 
Picrotoxin into the SNR immediately initiate locomotion and walk 
with constant speed without any observable disturbances in body 
position (27). After stopping the belt the animals once again 
start freezing in an unusual body position. These findings 
suggest that cats on the moving belt can use a flow of 
continuously changing (dynamic) proprioceptive stimuli, i.e. 
stimuli originating in muscles, joints or organs of balance in 
the ears (2), for adjusting the body position. On the basis of 
these findings it has been hypothesized (5) that decreasing the 
GABA-ergic activity in the SNR reduces the feline ability to 
adjust the body position with the help of static, i.e. not 
continuously changing proprioceptive stimuli, leaving intact the 
feline ability to adjust the body position with the help of 
dynamic proprioceptive stimuli (5). 
The purpose of the present study was to investigate whether the 
SNR also plays a role in the execution of movements during which 
proprioceptive stimuli are used. As recent studies (33, 37, 53) 
have shown that vestibular information, being part of 
proprioceptive information (see above), is required for walking 
on a revolving cylinder, the effects of SNR injection of 
GABA-ergic agents were investigated in cats trained to cross a 
rotating cylinder. In this set-up the animals had to walk along 
the top of the cylinder fast enough to compensate for lateral 
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displacement of the support (37, 53). As shown in the Results* 
pharmacological stimulation (muscimol) and inhibition (Picro-
toxin) of the GABA-ergic SNR activity produced serious changes in 
the feline ability to walk on a rotating cylinder. 
The SNR projects to the deeper layers of the superior colliculus 
(dl-SC) (cat; 1, 25, rat; 26, 51, monkey; 16) through 
GABA-ergic nigrotectal fibers (rat; 3, 44, 50, for rev. 13, 
17). Recently it has been shown that freezing evoked by SNR 
injection of Picrotoxin is not suppressed by dl-SC application of 
Picrotoxin (19). This demonstrates that SNR specific information 
concerning the body position is not funnelled through the dl-SC. 
Since the SNR not only projects to the dl-SC but also to the 
reticular formation (10, 31, 42) and the thalamus (1, 10, 44), it 
has been speculated (19) that SNR specific information about the 
body position may be channelled through the latter structures. 
In order to analyse whether SNR information about the execution 
of movements on a rotating cylinder is channelled through the 
nigrotectal GABA-ergic fibers to the dl-SC, it was investigated 
whether pharmacological stimulation (muscimol) and inhibition 
(Picrotoxin) of the GABA-ergic dl-SC activity also affect the 
execution of movements on a rotating cylinder. As shown in the 
Results this was not the case. 
Since these data did not seem to be in line with our previous 
findings, that the SNR and dl-SC share the ability to program 
certain types of movements (18,19), it was decided to use a new 
design in order to replicate our previous findings in that 
respect. As reported elsewhere (18), both the dl-SC and the SNR 
are required for the execution of targeting movements that are 
elicited, but not continuously guided, by external (visual, 
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auditory, tactile and olfactory) stimuli. These goal directed, 
feedforward or open-loop, movements have been called 
non-externally guided targeting movements (18, 19); they are 
dissociated from targeting movements that are continuously guided 
by external stimuli (7, 8, 18). The latter goal directed, 
feedback or closed-loop, movements have been labeled as 
externally guided targeting movements (18, 19). In fact the 
GABA-ergic activity within the dl-SC and that within the SNR have 
diametrical opposite functions with respect to the execution of 
these targeting movements. Thus, pharmacological inhibition of 
the GABA-ergic dl-SC activity by means of Picrotoxin or 
bicuculline (11, 12, 46) has been found to enhance the execution 
of non-externally guided targeting movements (18, 19, 29), 
whereas both pharmacological stimulation of the GABA-ergic dl-SC 
activity by means of muscimol (11, 12, 46) (rat; 9, monkey; 29, 
cat; 5, 18) and dl-SC ablations (15, 24, 28, 36, 39, 40, 41, 49) 
have been found to suppress the execution of non-externally 
guided targeting movements. On the other hand, however, both 
dl-SC ablated animals (22, 23, 38) and animals dl-SC injected 
with muscimol (5, 18) have been found to guide their movements 
accurately under external control and, accordingly, to perform 
feedback or closed-loop movements. In contrast, pharmacological 
stimulation of the GABA-ergic SNR activity by means of muscimol 
enhances the execution of these targeting movements (monkey; 30, 
cat; 18, rat; 32), whereas pharmacological inhibition of the 
GABA-ergic SNR activity by means of Picrotoxin decreases the 
occurrence of these movements (18, 32). Like the animals 
injected with muscimol into the dl-SC, the animals treated with 
Picrotoxin into the SNR have been found to guide their movements 
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accurately under external control. In an experimental set-up 
devoid of auditory and olfactory stimuli, these animals are 
executing visually and/or tactilly guided targeting movements (5, 
18). In case the execution of visually guided targeting 
movements is also prevented, cats injected with Picrotoxin into 
the SNR or muscimol into the dl-SC exhibit solely tactilly guided 
targeting movements (18). 
In order to replicate our previous findings in a slightly 
different set-up, it was decided to investigate the effects of 
SNR or dl-SC injections of GABA-ergic agents on the feline 
ability to execute goal directed movements in case the experi-
mental set-up (see Materials and Methods) completely prevents the 
execution of externally guided targeting movements. For that 
purpose the above mentioned cylinder was provided with a 
startbox, and the cats were trained to step out of the startbox 
on the rotating cylinder. The drug induced effects were investi-
gated on the feline ability to execute this goal (cylinder) 
directed movement. 
5.3 MATERIALS AND METHODS 
SUBJECTS 
Male cats (n=16) weighing between 4.1 and 5.3 kg. were used. 
Each group composed of eight cats was housed in an iron cage (2* 
1.5* 1.5m). Food (Hope Farms) and water were ad libitum 
available except during the test periods. The animals were 
equipped with cannulae directed at the substantia nigra pars 
reticulata (SNR; n-8) or the deeper layers of the superior 
colliculus (dl-SC; n=8). 
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SURGICAL PROCEDURE AND HISTOLOGICAL VERIFICATION 
Under pentobarbital anaesthesia (40mg/kg, I.p.) stainless steel 
guide cannulae with an inner and outer diameter of 0.4 and 0.8 
mm. resp., were stereotaxically implanted 0.1 mm. above the 
left and right substantiel nigra pars reticulata (n-8; 
coordinates A 3.0, L 6.0, V 3.2, of Snider and Niemer (47) and at 
an angle of 10 degrees with the sagittal plane). In eight cats 
stainless steel guide cannulae (inner and outer diameter 0.4 and 
0.8 mm. resp.) were aimed at the superior colliculus. In order 
to avoid damage to the tectal tissue the tips of the cannulae 
were implanted above the superior colliculus (A 1.5, L 3.5, D 
6.5; Snider and Niemer (47)). In the present paper the superior 
colliculus is subdivided into superficial and deeper layers 
according to the terminology of Kanaseki and Sprague (35). In 
order to allow injections into the deeper layers of the superior 
colliculus (A 1.5, L 3.5, D 3.5) a Hamilton syringe (diameter of 
the injection needle 0.35 mm.; sharpened tip), protruding 3.0 
mm. below the tip of the guide cannula was used. At the end of 
the behavioural test the cats were deeply anaesthetized and 
subsequently perfused through the heart with a 4% formaldehyde 
solution. The brains were removed and subsequently dissected 
with the help of a cryostat (temperature -18 C) in order to 
estimate the location of the tip of the injection needles. 
APPARATUS 
A 2m long horizontal cylinder (diameter 12 cm) placed 1.80m above 
the floor was used. The polyethylene cylinder, being placed 
between a wooden startbox (35* 55* 55cm) and a goal platform (45* 
70cm), could rotate about its axis. The velocity of the rotating 
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cylinder was controlable. The cylinder was provided with 
longitudinal shallow slits for improving the feline grip. 
Palatable food (Hope Farms) was presented on the goal platform. 
There was a thick foam rubber padding on the floor. This 
apparatus was previously described by Marchand and Amblard (37) 
and Xerri and Lacour (53). In order to prevent the cats from 
executing externally guided targeting movements (see Introduc-
tion) while stepping out of the startbox, this box was placed 15 
cm above the rotating cylinder. This prevents the cats from 
keeping tactile contact while executing the goal (cylinder) 
directed movement. Since the cylinder rotated, the cat was also 
prevented from continuously fixating a particular spot on the 
cylinder while stepping out of the startbox. Moreover, the 
experimental room was devoid of auditory and olfactory stimuli. 
The cats were trained to leave the startbox and walk along the 
top fast enough to compensate for lateral displacement of the 
support. The training consisted of 6 trials a day. The animals 
were trained every day except for the week-ends. On the first 
day the cats were trained to leave the startbox and walk, on the 
stationary cylinder, to the goal platform. On the second day the 
animals were trained to leave the startbox and cross the cylinder 
revolving at a velocity of 2 rotations/ min. In subsequent days, 
the velocity went up by leaps of 3 rotations/ min. each time an 
animal successfully walked from the startbox to the goal platform 
in each of 3 successive trials. The training stopped when the 
animals successfully walked from one side to the other side of 
the cylinder, that revolved at a velocity of 41 rotations/ min., 
in each of 3 successive trials. 
The experimental sessions were started with trained cats being 
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able to walk to the required end of the cylinder. Per 
experimental session two parameters were analysed: 1. The way 
the cats stepped out of the startbox (Startbox Parameter). 2. 
The way the cats walked from one side of the rotating cylinder to 
the other side (Walking Parameter). In order to make the ana-
lysis of the walking parameter independent of the feline ability 
to step out of the starbox, the animals were subjected to two 
different experimental trials: First, the animals were placed in 
the startbox. Subsequently, they had to step out of this box and 
to cross the cylinder which revolved at a velocity of 41 
rotations/ min. These trials will be labeled "Fast Rotation 
Trials" and abbreviated as "F". Secondly, the cats were placed 
on the revolving cylinder. In order to prevent the cats from 
tumbling down the cylinder, the velocity of the rotating cylinder 
was reduced to 9 rotations/min; the cats had to walk from one 
side of the rotating cylinder to the other side. These trials 
will be labeled "Slow Rotation Trials" and abbreviated as "S". 
Per experimental session the cats were subjected to blocks of 3 
trials, i.e. one slow rotation trial and thereupon two fast 
rotation trials (S,F,F). The inter-trial interval was 20 sec. 
The experimental session ended when the cats had stepped out of 
the startbox within 45 sec. after being placed in the box and 
subsequently crossed the rotating cylinder in every trial of 
three successive blocks (block 1; S,F,F; block 2; S,F,F; 
block 3; S,F,F). In case the cats did not reach this criterion 
within 3 experimental blocks, the cats were repeatedly subjected 
to blocks of 3 trials, with an inter-block interval of 4 min, 
until the criterion mentioned above was reached. The 
inter-session interval was 7 days. The feline behaviour was 
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recorded on videotape by means of a closed TV circuit and 
subsequently analysed. 
DEPENDENT VARIABLES 
STARTBOX PARAMETER 
Per "F" trial it was scored whether the cat left the startbox 
within 45 sec. after being placed in the box. At the end of the 
experimental session for every cat the duration of the period was 
assessed in which the animal did not meet this criterion. 
Moreover, per trial the way the animal stepped out of the 
startbox was analysed; placing the forelimbs on the rotating 
cylinder was scored as correct placement of the limbs, whereas 
placing the forelimbs alongside of, but not on the cylinder was 
scored as forelimb misplacement. In case forelimb misplacements 
occurred, the cats were allowed to correct themselves by 
retracting the forelimb in question and to try once again to step 
out of the startbox on the rotating cylinder. Although more than 
one forelimb misplacement could be committed on each trial, it 
was merely scored whether or not misplacements of either forelimb 
occurred. At the end of each experimental session, the number of 
trials in which forelimb misplacements occurred was determined 
per cat. 
WALKING PARAMETER 
The following types of movement were scored: 
A NORMAL MOVEMENTS; these movements imply that 
1 Forward locomotion occurs on the rotating cylinder (propulsion) 
AND 
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2 The hindlimbs are aligned with the forelimbs while crossing the 
revolving cylinder, i.e. the hindlimbs and matching forelimbs 
are placed into a line on top of the rotating cylinder parallel 
with the axis of the cylinder. Figure 5.1 shows a cat crossing 
the rotating cylinder while executing normal movements. 
FIGURE 5.1 Cat crossing the cylinder while executing normal 
movements. For explanation see text. 
В SPECIAL MOVEMENTS; these movements imply that 
1 Forward locomotion occurs on the rotating cylinder (propulsion) 
AND 
2 The hindlimbs are NOT aligned with the forelimbs while crossing 
the revolving cylinder, i.e. the hindlimbs and matching 
forelimbs are NOT placed into a line on top of the rotating 
cylinder parallel with the axis of the cylinder. 
In case the cylinder rotates to the right, the hindlimbs are 
placed left with respect to the matching forelimbs, i.e. the 
right hindlimb is placed left with respect to the right 
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forelimb and the left hindlimb is placed left with respect to 
the left forelimb, in such a way that the latter hindlimb is 
not on top of the cylinder but on the left side compared to the 
axis of the cylinder. Both hindlimbs rotate with the cylinder 
to the right until the left hindlimb is on top of the cylinder 
and the right hindlimb is on the right side compared to the 
axis of the cylinder, whereupon a forward movement is executed. 
Once again both hindlimbs are placed left with respect to the 
matching forelimbs. This sequence is repeated until the cat 
reaches the end of the rotating cylinder. In contrast to the 
hindlimb movements, the forelimb movements executed under 
condition A (normal movements) and condition В (special 
movements), are identical. In cats that execute "special 
movements" while crossing the cylinder, the forelimbs in 
contrast to the hindlimbs are placed on top of the cylinder. 
С COUNTER MOVEMENTS; these movements imply that 
1 No forward locomotion occurs on the rotating cylinder 
(no propulsion). 
2 Consequently both hind- and forelimbs turn to the right in case 
the cylinder rotates rightwards. Next, the only movements 
executed by both hind- and forelimbs are movements leftwards in 
order to compensate for the lateral displacement and 
consequently keep the animal's balance. 
EXPERIMENTAL DESIGN 
Cats equipped with guide cannulae directed at the SNR were 
subjected to bilateral injections of different agents: Picro­
toxin (500ng /O.Sul; Serva Feinbiochemica Heidelberg) or 
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muscimol (200ng /lul; Serva Feinbiochemica Heidelberg) or 
distilled water (0.5ul). Cats equipped with guide cannulae aimed 
at the dl-SC were subjected to bilateral injections of the 
following agents: Picrotoxin (lOOng /0.5ul) or muscimol (75ng 
/lui) or distilled water (0.5ul), i.e. the solvent of the drugs. 
The doses and volumes of the agents injected into the SNR and 
dl-SC were based on the outcome of previous experiments (5, 18). 
Immediately before the intracerebral injection the cats were 
subjected to the pre-injection session consisting of three blocks 
of 3 trials, i.e. one "slow rotation trial" and two "fast 
rotation trials" (see apparatus). Fifteen minutes after the 
intracerebral injection the post-injection session started: the 
cats were subjected to blocks of 3 trials i.e. one "slow 
rotation trial" and two "fast rotation trials". 
Additionally, the GABA specificity of the effects was 
investigated. Therefore Picrotoxin was applied 10 min. before 
muscimol. Immediately before application of Picrotoxin the cats 
were subjected to the pre-injection session. Fifteen minutes 
after the intracerebral injection of muscimol the post-injection 
session started. 
STATISTICS 
Cats equipped with cannulae directed at the SNR and cats equipped 
with cannulae aimed at the dl-SC were repeatedly used. Since the 
population was small and nothing was known about the population 
distribution of the data under study, a non-parametric test, i.e. 
Wilcoxon matched pairs signed ranks test (14) was used. 
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STARTBOX PARAMETER 
The Wilcoxon matched pairs signed ranks test was applied on the 
data of the startbox parameters mentioned above, i.e. 1. the 
duration of the period in which the cat did not leave the 
startbox and 2. the number of trials in which forelimb misplace-
ments occurred. 
WALKING PARAMETER 
At the end of each experimental session for every animal the 
percentage normal movements, special movements and counter 
movements was calculated for both the pre-injection period (3 
blocks of 3 trials) and the post-injection period in the 
following way: The total number of normal movements, special 
movements and counter movements was divided by the total number 
of cylinder crossing attempts, i.e. normal movements plus 
special movements plus counter movements. The percentage normal 
movements, counter movements and special movements concerning the 
pre-injection period was subtracted from the matching percentages 
concerning the post-injection period. The Wilcoxon matched pairs 
signed ranks test was applied on thus obtained scores. 
The data concerning the three distinct types of cylinder crossing 
movements executed in "slow rotation trials" and "fast rotation 
trials" were separately analysed. 
5.4 RESULTS 
STARTBOX PARAMETER 
Bilateral SNR application of Picrotoxin prevented the cats from 
leaving the startbox (p<0.002). In this context it has to be 
noted that the cats were not freezing in these particular circum-
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FIGURE 5.2 Mean latency (in min) of stepping out of the startbox, 
Tñ cats intranigrally injected with Picrotoxin (PTX), muscimol 
(MSM), distilled water (H20) or Picrotoxin followed by muscimol 
(PTX+MSM). The number of cats participating in each experiment 
is indicated in the bars. The doses and volumes are indicated 
under the Figure. *p< 0.002. 
stances. The cats did not leave the startbox from 15 minutes 
post-injection until 77+/- 8.9 (Mean +/-SEM) minutes post-
injection. SNR application of muscimol significantly attenuated 
the effect of Picrotoxin. SNR injection of muscimol itself did 
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not affect the feline ability to leave the startbox. These 
results are represented in Figure 5.2. Bilateral dl-SC injection 
of muscimol also prevented the cats from stepping out of the 
startbox (p<0.001). The animals did not step out of the startbox 
from 16 +/- 0.7 (Mean +/- SEM) minutes post-injection until 44 
+/- 4.4 (Mean +/- SEM) minutes post-injection. Picrotoxin 
significantly attenuated the effect of muscimol. Application of 
Picrotoxin into the dl-SC did not prevent the cats from leaving 
the startbox. These results are shown in Figure 5.3. 
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FIGURE 5.3 Mean latency (in m m ) of stepping out of the startbox 
in cats dl-SC injected with Picrotoxin, muscimol, distilled water 
or Picrotoxin followed by muscimol. The number of cats partici­
pating in each experiment is indicated in the bars. For abbre­
viations see Figure 5.2. *p< 0.001. 
Neither SNR injection of Picrotoxin nor SNR application of 
muscimol evoked forelimb misplacements. Injection of Picrotoxin, 
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but not muscimol, into the dl-SC elicited forelimb misplacements 
(p<0.007). Muscimol attenuated the effect of Picrotoxin. These 
results are depicted in Figure 5.4. 
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FIGURE 5.4 Group averages of the forelimb misplacements occurring 
in cats dl-SC injected with Picrotoxin, muscimol, distilled water 
or Picrotoxin followed by muscimol. The number of cats partici­
pating in each experiment is indicated in the bars. The calcula­
tion of the number of forelimb misplacements is outlined in the 
section Materials and Methods. For abbreviations see Figure 5.2. 
*p< 0.007. 
Misplacements solely occurred in case the cat tried to leave the 
startbox while excuting dl-SC specific head and torso movements 
which are evoked by dl-SC injection of Picrotoxin (34, 19). A 
224 
significant correlation (phi-coefficient: 0.Θ63, p<0.001: 
Ferguson (14)) existed between the occurrence of forelimb 
misplacements and the execution of these forced head and torso 
movements. In case a forelimb misplacement occurred the cat 
retracted the forelimb in question and once more tried to step 
out of the startbox on the rotating cylinder. 
WALKING PARAMETER 
SNR application of picrotoxin significantly affected the way cats 
crossed the slowly rotating cylinder. As shown in Figure 5.5A, 
picrotoxin significantly decreased the execution of the normal 
movements (p<0.007). Instead these cats executed both special 
movements (p<0.007) and counter movements (p<0.007). Figure 5.5B 
shows the distribution of normal movements , special movements 
and counter movements in time; until 39 minutes post-injection 
no forward locomotion occurred: only counter movements were 
executed (p<0.007). After 39 minutes post-injection all 3 types 
of movements, i.e. normal movements, special movements and 
counter movements occurred, but the animals mainly executed 
special movements (p<0.007). SNR application of muscimol 
significantly attenuated the effect of picrotoxin (p<0.007; 
Figure 5.5A). SNR application of picrotoxin also affected the 
way the cats crossed the fast revolving cylinder. Picrotoxin 
significantly decreased the execution of normal movements 
(p<0.01); the cats mainly executed special movements. These 
results are represented in Figure 5.6A. Figure 5.6B shows the 
distribution of normal movements and special movements in time; 
until 90 minutes post-injection the cats mainly executed special 
movements (p<0.03), whereas normal movements prevailed after 90 
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FIGURE 5.5A Group averages of the percentage normal movements, 
special movements and counter movements occurring in cats 
crossing a slowly revolving cylinder (velocity; 9 rotations/ 
min) after SNR injection of Picrotoxin, muscimol, distilled water 
or Picrotoxin followed by muscimol. Eight cats participated in 
each experiment. For abbreviations see Figure 5.2. *p< 0.007. 
FIGURE 5.5B Distribution in time of the percentage counter 
movements, special movements and counter movements occurring in 
cats walking on a slowly turning cylinder after SNR injection of 
Picrotoxin (500ng /0.5ul). Left; Until 39 minutes post-injec-
tion. Right; After 39 minutes post-injection. *p< 0.007. 
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SNR application of muscimol itself also affected the way the cats 
crossed the fast revolving cylinder. Muscimol significantly 
increased the execution of normal movements <p<0.01). The data 
are shown in Figure 5.6A. Picrotoxin attenuated the effect of 
muscimol. 
Cats never executed counter movements on the fast rotating 
cylinder. 
In Figure 5.7 the effects of SNR injection of Picrotoxin 
concerning the walking parameter and startbox parameter are 
plotted on a time-scale. Until 39 minutes post-injection the 
cats solely executed counter movements (see Figure 5.SB), whereas 
special movements prevailed between 39 and 90 minutes 
post-injection (see Figure 5.5B and 5. 6 B ) . After 90 minutes 
post-injection the cats mainly executed normal movements (see 
Figure 5.6B). 
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FIGURE 5.7 The effects of SNR injection of Picrotoxin (SOOng 
/Û.5ul) concerning the walking parameter and startbox parameter 
are summarized and plotted on a time-scale. For explanation see 
text. 
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With respect to the startbox parameter, Picrotoxin prevented the 
cats from leaving the startbox until 77 +/- Θ.9 (Mean +/- SEM) 
minutes post-injection (see above). From that point of time the 
animals started stepping out of the startbox. 
Neither dl-SC application of Picrotoxin nor dl-SC injection of 
muscimol had consequences for the way the animals crossed the 
slowly rotating cylinder. Like the solvent injected animals, 
i.e. the control group, cats injected with Picrotoxin or 
muscimol solely executed normal movements while crossing the 
cylinder. These results are represented in Figure 5.8. Moreover 
dl-SC injection of muscimol and dl-SC application of Picrotoxin 
did not affect the way cats crossed the fast revolving cylinder. 
Like the control group, Picrotoxin and muscimol injected animals 
mainly executed normal movements (See Figure 5.9). 
HISTOLOGICAL DATA 
Histological verification revealed that the injections placed 
into the dl-SC were located at A (1.0;1.5), L (3.1;3.7), D 
(2.9; 3.3). The injections placed into the SNR were located at A 
(2.5,-3.0), L (4.8,-5.9) and V (2.6,-4.0). 
5.5 DISCUSSION 
WALKING PARAMETER 
In the present study it was found that SNR injection of muscimol 
increased the execution of normal movements, whereas SNR 
application of Picrotoxin was found to reduce the occurrence of 
normal movements on a revolving cylinder. This provides evidence 
that an intact SNR is required for the execution of normal 
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movements on a revolving cylinder. 
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FIGURE 5.8 Group averages of the percentage normal movements, 
counter movements and special movements in cats crossing a slowly 
revolving cylinder (velocity; 9 rotations/ min) after dl-SC 
injection of Picrotoxin, muscimol, distilled water or Picrotoxin 
followed by muscimol. Eight cats participated in each experi­
ment. For abbreviations see Figure 5.2. 
Moreover, these data show that an increased GABA-ergic activity 
improves the functioning of the SNR. Additional electrophysi­
ological studies are required to analyse how muscimol, i.e. a 
drug which produces an inhibition of neural cells, enables this 
effect. 
On the revolving cylinder, cats SNR injected with Picrotoxin 
mainly executed counter movements and special movements instead 
of normal movements. 
As mentioned before (see Materials and Methods), animals 
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executing counter movements merely react upon the rotating 
cylinder. At this point, however, it should be stressed that the 
absence of propulsion (forward locomotion) in animals executing 
counter movements should not be interpreted as a general 
inability to initiate forward movements. 
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FIGURE 5.9 Group averages of the percentage normal movements and 
special movements occurring in cats crossing a fast revolving 
cylinder (velocity; 41 rotations/ min) after dl-SC application 
of Picrotoxin, muscimol, distilled water or Picrotoxin followed 
by muscimol. Eight cats participated in each experiment. For 
abbreviations see Figure 5.2. 
Previous work (18, 19) has shown that cats SNR injected with the 
same dose of Picrotoxin as used in the present study, are still 
able to cross a wooden bar. Moreover, cats that exhibited 
absence of propulsion while executing counter movements on a 
rotating cylinder could still successfully cross the stationary 
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cylinder (data not shown). So, the Picrotoxin induced deficits 
in fore- and hindlimb movements occur in some conditions (like 
walking on a rotating cylinder), but not in other conditions (see 
above). 
While exhibiting counter movementь both fore-and hindlimbs solely 
reacted upon the rotating cylinder, executing movements opposite 
to the direction in which the cylinder rotated. In case the cats 
executed special movements propulsion occurred, but the hindlimbs 
which were placed on the cylinder in an atypical way (see 
Materials and Methods), first turned with the rotating cylinder 
before any forward movement was executed. So, cats with a 
dysfunctioning SNR seem to execute movements which are guided by 
stimuli inherent to the rotating cylinder, i.e. they use dynamic 
(continuously changing) stimuli inherent to the rotating 
cylinder. In other words, SNR defective cats seem to execute 
feedback or closed-loop movements instead of feedforward or 
open-loop movements. 
Since vestibular information has been found to be necessary for 
executing movements on a revolving cylinder (33, 37, 53), one may 
wonder how cats treated with Picrotoxin into the SNR use this 
information. The special and counter movements executed by these 
SNR defective cats actually suggest that these animals had an 
intact ability to execute movements which use dynamic vestibular 
information. It is clear that distilled water and muscimol 
treated cats which execute normal movements on a revolving 
cylinder, make use of vestibular information in another way than 
Picrotoxin treated cats do. In view of the above-mentioned role 
of the SNR in programming open-loop movements, it appears 
justified to suggest that the (normal) movements exhibited by 
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cats SNR injected with distilled water or muscimol use static 
instead of dynamic vestibular information. 
Since vestibular information is part of proprioceptive 
information (2), the present data are in accordance with the idea 
that the integrity of the SNR is not only required for 
adjusting the body position with the help of static propriocep-
tive information (5), but also for executing movements which 
require static proprioceptive information (6). Thus, cats with a 
dysfunctioning SNR appear to suffer from a reduced ability to 
program movements with the help of static proprioceptive 
information, i.e. feedforward or open-loop movements using 
proprioceptive information, leaving intact the ability to program 
movements with the help of dynamic proprioceptive information, 
i.e. feedback or closed-loop movements using proprioceptive 
information. 
As a final remark, in this context the following should be noted 
on the fact that the forelimbs, as compared to the hindlimbs, 
recover more quickly from Picrotoxin induced deficits. A similar 
phenomenon is observed in cats recovering from Picrotoxin induced 
freezing. When time progresses, recovery starts at the head, 
torso and forelimbs moving in cephalocaudal direction to the 
hindlimbs (unpublished results). The same has been observed in 
rats recovering from akinesia induced by lateral hypothalamic 
lesions (20). Interestingly, in ontogeny a similar cephalocaudal 
principle of limb recruitment is observed (21). Young rats first 
move their forelimbs before recruiting their hindlimbs. There 
are of course enormous differences in motor capacity between 
recovering adults and developing neonates. Adults have fully 
developed limbs, whereas infants undergo dramatic anatomical and 
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functional development. Nevertheless, in development and 
recovery, activity is still distributed in much the same order, 
suggesting that this phenomenon reveals a basic principle of 
organization of both behaviour and the neural activity mediating 
it (unpublished data from our laboratory: Jaspers etal., in 
prep). 
As mentioned in the Results, neither dl-SC injection of 
muscimol, nor dl-SC application of Picrotoxin had consequences 
for the execution of the movements on the rotating cylinder. 
Thus, SNR information about the execution of these movements is 
apparently channelled through other structures than the dl-SC. 
This feature is shared by SNR specific effects such as freezing 
and hindiirab deficits (6, 19). Since the latter deficits can 
also be considered as consequences of a reduced ability to adjust 
changes in body position with the help of static proprioceptive 
information (5), it appears justified to state that the SNR 
specific information about adjusting the body position and 
programming movements with the help of static proprioceptive 
information is not sent to the dl-SC. This holds not true for 
SNR information required for other types of movements (18, 19; 
see below). 
STARTBOX PARAMETER 
In order to replicate our previous findings about the role of the 
dl-SC and SNR in programming non-externally guided targeting 
movements (see Introduction), a set-up was used that completely 
prevented the cats from executing externally guided targeting 
movements (see Introduction), leaving the animals with the 
possibility to execute non-externally guided targeting movements 
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for stepping out of the startbox on the rotating cylinder, i.e. 
the target. The present findings demonstrate that the results of 
SNR injection of Picrotoxin or dl-SC injection of muscimol are 
identical: the cats did not step out of the startbox. Since 
none of the cats injected with Picrotoxin into the SNR remained 
immobile in the startbox (see Results), their inability to leave 
the startbox can not be attributed to the state of being frozen 
on the spot. Consequently, the inability to leave the startbox 
after application of muscimol into the dl-SC or Picrotoxin into 
the SNR can only be attributed to an inability to execute 
non-externally guided targeting movements. 
Cats dl-SC injected with Picrotoxin always left the startbox 
within 45 seconds after being placed in the box. This agent 
however, elicited forelimb misplacements; frequently the cats 
placed their forelimbs alongside of but not on the cylinder while 
stepping out of the startbox on the rotating cylinder. These 
misplacements solely occurred in case the cats tried to leave the 
startbox by placing the forelimbs on the rotating cylinder while 
executing forced head- and torso (including forelimb) movements. 
These movements are dl-SC specific and are evoked by injection of 
Picrotoxin into this area (34). 
So, the forelimb misplacements occurred in case the timing was 
close between visually evoked goal (cylinder) directed forelimb 
movements and artificially, i.e. pharmacologically, elicited 
forced head- and torso (including forelimb) movements. Recent 
investigations (45, 48) have demonstrated interactions between 
visually elicited goal directed eye movements and artificially, 
i.e. electrically, generated eye movements in case the timing 
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was close between these events. In these studies (45, 48) a 
visual stimulus for eliciting a goal directed eye movement 
preceded the electrical stimulation. In case the timing was 
close between these two events pairing a visual stimulus with an 
electrical stimulus produced averaging, similar to that observed 
when two sites in the dl-SC were electrically stimulated; in 
that case the resultant movement was the weighted average of the 
stimulation effect at each side, where the weighting was provided 
by stimulation intensity ( 43, 45). 
It is tempting to speculate that the forelimb misplacement as 
described in this paper is the result of an interaction between 
the visually evoked cylinder directed forelimb movement and the 
pharmacologically elicited head and torso movement. 
In conclusion, the present study confirms our previous 
findings about the involvement of both the SNR and the dl-SC in 
the execution of non-externally guided targeting movements (for a 
putative mechanism underlying the mutual involvement of both 
structures: 19). Moreover, this study provides evidence that 
SNR specific information about programming movements with the 
help of static proprioceptive information is not sent to the 
dl-SC. 
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CHAPTER 6 
CONSEQUENCES OF INCREASING STRIATAL PATHOLOGY 
FOR MOTOR EXPRESSIONS ORIGINATING FROM STRUCTURES 
DOWNSTREAM FROM THE CAUDATE NUCLEUS IN CATS 
6.1 SUMMARY 
Recently it was shown that the deeper layers of the superior 
colliculus (dl-SC) are involved in the execution of targeting 
movements which are elicited but not continuously guided by 
external stimuli. In addition, it was shown that dysfunctioning 
of the substantia nigra pars reticulata (SNR) not only affects 
the execution of these dl-SC related goal directed movements, but 
also evokes SNR specific deficits such as the display of abnormal 
movements in cats crossing a revolving cylinder. In the present 
paper it was investigated whether increasing dopamine inhibition 
within the caudate nucleus (CN) progressively affects movements 
related to the SNR and the dl-SC, i.e. structures downstream 
from the CN. Therefore three different set-ups were used. 
First, cats were trained to walk from one side of a narrow bar to 
the other side both under full light and under stroboscopie 
illumination (2 flashes/ s e c ) . Previously it was shown that the 
former set-up is useful for assessing a decrement in the 
execution of the above mentioned dl-SC related targeting 
movements, whereas the latter set-up is useful for assessing an 
enhancement in the execution of these targeting movements. The 
effects of CN injection of haloperidol (12.5ug/ 5ul), distilled 
water (5ul) and apomorphine (0.6ug/ Sul) were investigated on the 
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execution of these targeting movements in both lighting 
conditions. 
Secondly, the effects of CN injection of two doses of haloperidol 
(12.5ug/ 5ul and 25ug/ 5ul) were investigated on the feline 
ability to step out of a startbox on a rotating cylinder, which 
according to previous studies, implies the execution of another 
dl-SC related targeting movement. In addition, it was in-
vestigated whether dl-SC injected Picrotoxin (lOOng /O.Sul) could 
restore the haloperidol induced effects in the latter test. 
Finally, the effects of CN injection of two doses of haloperidol 
(12.5ug /5ul and 25ug /5ul) were investigated on the feline 
ability to execute SNR specific movements while crossing a 
revolving cylinder. 
CN injection of haloperidol (12.5ug/ Sul) or apomorphine (0.6ug/ 
Sul) did not affect the execution of dl-SC related targeting 
movements. Application of 25ug/ Sul haloperidol decreased the 
occurrence of these targeting movements. Dl-SC injection of 
Picrotoxin (lOOng/ O.Sul) did not affect the haloperidol (25ug/ 
Sul) induced decrement in the occurrence of these dl-SC related 
goal directed movements. 
Injection of 25ug/ Sul but not 12.5ug/ Sul haloperidol reduced 
the execution of SNR related movements on a revolving cylinder. 
The present results show that only a severe, but not a moderate, 
inhibition of dopamine receptors within the CN affects motor 
expressions originating from the SNR and dl-SC, i.e. structures 
downstream from the CN. 
6.2 INTRODUCTION 
Previous studies have shown that the deeper layers of the 
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superior colliculus (dl-SC) are involved in the execution of 
targeting movements which are elicited but not continuously 
guided by external, i.e. visual, tactile, auditory and olfac-
tory, stimuli: these movements have been labeled non-exter-
nally guided targeting movements (18). 
Dl-SC injection of muscimol which activates the GABA receptors 
(12, 13, 44), decreases the execution of non-externally guided 
targeting movements (monkey: 24; cat: 7, 18, 20; rat: 9). 
Dl-SC application of Picrotoxin or bicuculline, agents that 
attenuate and inhibit respectively the activity of GABA (12, 13, 
44) elicits the execution of these targeting movements (monkey: 
24; cat: 18). Moreover it has been shown that application of 
Picrotoxin into the substantia nigra pars reticulata (SNR) 
prevents dl-SC injected Picrotoxin from evoking non-externally 
guided targeting movements (19). So, the integrity of the SNR is 
required for eliciting these goal directed movements from the 
dl-SC. 
Besides influencing non-externally guided targeting movements, 
SNR injection of Picrotoxin also evokes SNR specific deficits: 
cats do not retract their hindlimbs when their forelimbs are put 
on a bar which is placed 2m above the floor (6, 46). Moreover, 
SNR injected Picrotoxin affects the feline ability to cross a 
revolving cylinder (20). On the basis of these data it has been 
hypothesized that the SNR is involved in programming movements 
which use static proprioceptive stimuli, i.e. stimuli origi-
nating in joints or muscles or organs of balance in the ears (2), 
for their execution (18, 20, cf. 43). 
The striatum (caudate nucleus and putamen) is known to project to 
the SNR (cat: 22, 37, 41; for review: 10, 42). Some of the 
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striatonigral fibers use GABA as neurotransmitter (cat: 16; for 
rev: 10, 14, 23). Recent studies have also demonstrated that 
the striatum controls the GABA turnover in the SNR: chronic 
inhibition of the dopamine receptors by Haloperidol, or des-
truction of the striatum resulted in a decrease in the GABA 
turnover in the SNR (17, 31). 
The SNR in its turn projects to the dl-SC (cat: 1, 21, 26, 39; 
for rev: 10), exerting a potent inhibitory influence on the 
collicular neurons (cat: 30) through the release of GABA (for 
review: 14, 17). 
Chevalier etal.(4) reported that the striatum exerts a 
facilitatory influence on the collicular neurons by releasing 
these cells from tonic inhibitory nigral influence. Moreover, 
Melis and Gale (36) showed that dopamine receptors in the CN 
control the GABA turnover in the dl-SC: stimulation of the 
dopamine receptors by apomorphine decreased the GABA accumulation 
in the dl-SC. This effect was mediated via GABA release in the 
SNR. 
It is tempting to speculate that the CN not only exerts 
electrophysiological and neurochemical influences on the SNR and 
dl-SC but also contributes to the execution of behaviour in which 
the SNR and the dl-SC are involved (7, 8). This is also 
suggested by Hikosaka and Sakamoto (25), who reported a close 
correlation between caudate neuronal activity and the occurrence 
of non-externally guided targeting eye movements, i.e. saccades. 
Finally, Cools (5) and Cools etal. (7) provided indirect 
evidence that striatal dopamine deficiency might finally 
interfere with motor expressions originating from structures 
downstream from the striatum (cf. 3). In the present study this 
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hypothesis is investigated. 
Based on the outcome of previous experiments (18, 20) three 
set-ups were chosen. First, the effects of CN injected 
haloperidol, a dopaminergic antagonist, and apomorphine, a 
dopaminergic agonist, were investigated on the execution of dl-SC 
related non-externally guided targeting movements in cats walking 
from one side of a narrow bar to the other side under full light 
or stroboscopie illumination. Previous experiments (18) have 
shown that the former set-up is useful for assessing a decrement 
in the execution of these dl-SC related movements, whereas the 
latter set-up is useful for assessing an enhancement in the 
execution of these movements. Secondly, the effects of CN 
injection of two doses of haloperidol were investigated on the 
feline ability to step out of a startbox on a rotating cylinder. 
Previous experiments demonstrated that stepping out of a startbox 
on a rotating cylinder implies the execution of another dl-SC 
related movement (20). Besides, it was ascertained whether dl-SC 
injection of Picrotoxin could restore haloperidol induced 
deficits in this dl-SC related behaviour. Finally, the effects 
of CN injection of two doses of haloperidol were investigated on 
movements of cats which crossed a rotating cylinder. Previous 
work has shown that the execution of "normal" movements on a 
rotating cylinder requires the integrity of the SNR (20). 
6.3 MATERIALS AND METHODS 
SUBJECTS 
Male cats (n=18) weighing between 3.5 and 4.9 kg were used. Each 
group composed of nine cats was housed in an iron cage (2* 1.5* 
1.5 m).Food (Hope Farms) and water were available ad libitum 
248 
except during the test periods. The animals were equipped with 
cannulas directed at the caudate nucleus alone (n-9) or at the 
deeper layers of the superior colliculus and at the caudate 
nucleus (n-9). 
SURGICAL PROCEDURE AND HISTOLOGICAL VERIFICATION 
Under pentobarbital anaesthesia (40 mg/kg IP), 18 cats were 
steceotaxically equipped with stainless steel guide cannulae 
(inner and outer diameter 0.4 and 0.8 mm resp.) into the 
rostromedial part of the caudate nucleus (coordinates A 15.0, L 
5.0, D 5.0; Snider and Niemer (45)). 
In nine of these cats stainless steel guide cannulae (inner and 
outer diameter 0.4 and 0.8 mm respectively) were also aimed at 
the superior colliculus. In order to avoid damage to the tectal 
tissue the tips of the cannulae were implanted above the superior 
colliculus (A 1.5, L 3.5, D 6.5; Snider and Niemer (45)). In 
the present paper the superior colliculus is subdivided into 
superficial and deeper layers according to the terminology of 
Kanaseki and Sprague (29). In order to allow injections into 
the deeper layers of the superior colliculus (A 1.5, L 3.5, D 
3.5) a Hamilton syringe (diameter of the injection needle; 0.35 
mm; sharpened tip) protruding 3.0 mm below the tip of the guide 
cannula was used. 
At the end of the last behavioural test the cats were deeply 
anaesthetized and subsequently perfused through the heart with a 
4* formaldehyde solution. The brains were removed and 
subsequently dissected with the help of a cryostat (temperature 
-18 C) in order to estimate the location of the injection 
needles. 
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APPARATUS 
WOODEN BAR 
The apparatus has been described previously (18). Briefly, a 
wooden bar 2.5m in length, 5cm in width and fixed at a height of 
2m was used. At the end of the bar a wooden platform (115*35 cm) 
was fixed at a height of 1.40m. The experiments were run under 
full light or under stroboscopie illumination (2 flashes/ s e c ) . 
For this purpose a strobotac electronic stroboscope, type 1531-A 
(General Radio Company, MA) was used. The cats were trained to 
walk from one side of the bar to the other side according to 
previously described procedures (18). A cat walking on a wooden 
bar is shown in Figure 6.1. 
FIGURE 6.1 A representative picture of a cat walking on a wooden 
bar. 
The experimental sessions were started with trained cats being 
able to walk to the required end of the bar. The inter-session 
interval was 7 days. Each session consisted of 3 blocks of 4 
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trials. For the inter- block interval see Experimental Design. 
The inter-trial interval was 20 seconds. In each trial the cat 
had to walk from one end of the bar to the other end. 
ROTATING CYLINDER 
A 2m long horizontal cylinder (diameter 12cm), placed 1.80m above 
the floor was used. The polyethylene cylinder, being placed 
between a wooden startbox (35*55*55 cm) that was positioned 15 cm 
above the cylinder, and a goal platform (45*70cm), could rotate 
about its axis. The velocity of the rotating cylinder was 
controlable. The cylinder was provided with longitudinal shallow 
slits for improving the feline grip. Palatable food (Hope Farms) 
was presented on the goal platform. There was a thick foam 
rubber padding on the floor. A representative picture of a cat 
crossing the polyethylene cylinder is shown in Figure 6.2. 
The cats were trained to leave the startbox and walk along the 
top of the cylinder fast enough to compensate for lateral 
displacement of the support. The training consisted of six 
trials a day. On the first day the cats were trained to leave 
the startbox and walk, on the stationary cylinder, to the goal 
platform. On the second day the animals were trained to leave 
the startbox and cross the cylinder which revolved at a velocity 
of 2 rotations/ min. In subsequent days, the velocity went up by 
leaps of 3 rotations/ min. each time an animal successfully 
walked from the startbox to the goal platform in each of three 
successive trials. The training stopped when the animal 
successfully walked from one side to the other side of the 
cylinder, which revolved at a velocity of 41 rotations/ min, in 
each of three successive trials. 
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FIGURE 6.2 A representative picture of a cat crossing a rotating 
cylinder. 
The experimental sessions started with trained cats being able to 
walk to the required end of the cylinder. Per experimental 
session two parameters were analysed: 1. the feline ability to 
step out of the startbox (Startbox Parameter); 2. the way the 
cats walked from one side of the rotating cylinder to the other 
side (Walking Parameter). In order to make the analysis of the 
walking parameter independent on the feline ability to step out 
of the startbox, the animals were subjected to two different 
experimental trials. First, the animals were placed in the 
startbox. Subsequently they had to step out of this box within 
45 seconds after being placed in the box and cross the cylinder 
which revolved at a velocity of 41 rotations/ min. These trials 
will be labeled "Fast Rotation Trials". Secondly, the cats were 
placed on the revolving cylinder and had to walk to the goal 
platform. In order to prevent the cats from tumbling down the 
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cylinder, the velocity of the rotating cylinder was reduced to 9 
rotations/ min. These trials will be labeled "Slow Rotation 
Trials". 
Per experimental session the cats were subjected to 3 blocks of 7 
trials, i.e. 4 fast rotation trials and 3 slow rotation trials. 
Starting with a fast rotation trial, per block each cat was 
alternately subjected to fast and slow rotation trials. The 
inter-trial interval was 20 seconds. The inter-session interval 
was 7 days. For the inter-block interval see Experimental 
Design. 
The feline behaviour was recorded on videotape by means of a 
closed TV circuit and subsequently analysed. 
DEPENDENT VARIABLES 
WOODEN BAR 
According to previously described procedures (18), the following 
types of targeting movements are scored; 
EXTERNALLY GUIDED TARGETING MOVEMENTS: walking from one side of 
the bar to the other side while 1. continuously touching the bar 
with the whiskers OR 2. continuously grasping the bar OR 3. 
continuously tracking either the bar, or the wall at the end of 
the bar or continuously tracking alternately the bar and the wall 
with the head. Most animals track objects with head- instead of 
eye movements (40). Therefore head- instead of eye movements 
were analysed for scoring visually guided targeting movements. 
Walking while continuously tracking auditory or olfactory stimuli 
could not be scored, because the latter stimuli were absent. 
Item 3 did not occur under stroboscopie illumination since this 
illumination precluded continuously tracking objects. 
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NON-EXTERNALLY GUIDED TARGETING MOVEMENTS : walking from one side 
of the bar towards the target at the other side of the bar 1. 
without or discontinuously touching the bar with the whiskers AND 
2. without or discontinuously grasping the bar AND 3. without 
or discontinuously tracking the bar, the wall at the end of the 
bar or alternately the bar and the wall with the head. In other 
words all targeting movements which were elicited but not 
continuously guided by external stimuli were scored. Per trial 
each animal scored either 1, i.e. executing non-externally 
guided targeting movements, or 0, i.e. executing externally 
guided targeting movements. Per experimental session (3*4 
trials) an animal could produce a score varying from 0 to 12. 
ROTATING CYLINDER 
WALKING PARAMETER 
According to previous analyses (20) the following types of 
movement are scored. 
A NORMAL MOVEMENTS: these movements imply that 
1 Forward locomotion occurs on the rotating cylinder (propulsion) 
AND 
2 The hindlimbs are aligned with the forelimbs while crossing 
the rotating cylinder, i.e. the hindlimbs and matching fore-
limbs are placed into a line on top of the rotating cylinder, 
parallel with the axis of the cylinder. 
В SPECIAL MOVEMENTS: these movements imply that 
1 Forward locomotion occurs on the rotating cylinder (propulsion) 
AND 
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2 The hindlimbs are NOT aligned with the forelirabs while crossing 
the rotating cylinder, i.e. the hindlimbs and matching 
forelimbs are NOT placed into a line on top of the rotating 
cylinder, parallel with the axis of the cylinder. 
In case the cylinder rotates to the right, the hindlimbs are 
placed left with respect to the matching forelimbs, i.e. the 
right hindlimb is placed left with respect to the right 
forelimb and the left hindlimb is placed left with respect to 
the left forelimb, in such a way that the left hindlimb is not 
on top of the cylinder but on the left side compared to the 
axis of the cylinder. Next, both hindlimbs rotate with the 
cylinder to the right until the left hindlimb is on top of the 
cylinder and the right hindlimb is on the right side compared 
to the axis of the cylinder, whereupon a forward movement is 
executed. Once again both hindlimbs are placed left with 
respect to the matching forelirabs (see above). This sequence 
is repeated until the cat reaches the goal platform. In 
contrast to the hindlimb movements, the forelimb movements 
executed under condition A (normal movements) and condition В 
(special movements) are identical. 
С COUNTER MOVEMENTS: these movements imply that 
1 No forward locomotion occurs on the rotating cylinder 
(no propulsion). 
2 Consequently both hind- and forelimbs turn to the right in 
case the cylinder rotates rightwards. Next the only movements 
executed by both hind- and forelimbs are movements leftwards, 
in order to compensate for the lateral displacement and 
consequently keep the animal's balance. 
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At the end of each experimental session for the two types of 
rotation trials, i.e. the fast rotation trials and slow rotation 
trials, the number of normal movements, special movements and 
counter movements was separately assessed per cat. 
STARTBOX PARAMETER 
Per "fast rotation trial" (see Apparatus) it was scored whether 
the cat left the startbox within 45 seconds after being placed in 
the box. 
EXPERIMENTAL DESIGN 
CAUDATE NUCLEUS INJECTIONS 
In this experiment nine cats bilaterally equipped with CN 
cannulae were used. In the first part of this experiment the 
cats had to walk to the other side of a wooden bar under full 
light. In the second part the animals had to walk from one side 
of the bar to the other side of the bar under stroboscopie 
illumination (2 flashes/ sec). In both parts of the experiment 
the animals were subjected to injections of different agents: 
haloperidol (12.5ug /Sul: Serenase, Janssen Pharmaceutica) or 
apomorphine hydrochloride (0.6 ug/ 5ul: Brocades) or distilled 
water (Sul), i.e. the solvent of the drugs, were bilaterally 
injected into the CN. The chosen doses and volumes were based on 
the outcome of previous experiments (28). Immediately before and 
10, 20, and 40 minutes after the CN injection the cats were 
subjected to a block of 4 trials. 
CAUDATE NUCLEUS AND SUPERIOR COLLICULUS INJECTIONS 
In this experiment nine cats bilaterally equipped with cannulae 
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into the CN and dl-SC were used. The cats were bilaterally 
injected with various combinations of agents into the CN 
(haloperidol and distilled water) and the dl-SC (picrotoxin: 
Serva Feinbiochemica Heidelberg and distilled water); see Table 
6.1. 
TABLE 6.1 
Schematic representation of various combinations of picrotoxin, 
haloperidol and distilled water as injected into the dl-SC and 
CN. The volumes and doses are indicated in brackets. 
CAUDATE NUCLEUS 
1 distilled water 
2 haloperidol 
3 haloperidol 
4 distilled water 
5 haloperidol 
(Sul) 
(12.5ug/5ul) 
(25ug/5ul) 
(5ul) 
(25ug/5ul) 
DEEPER LAYERS OF 
SUPERIOR COLLICULUS 
distilled water 
distilled water 
distilled water 
(0 
(0 
(0 
picrotoxin (100ng/0 
picrotoxin (100ng/0 
Sul) 
Sul) 
Sul) 
Sul) 
Sul) 
The dose of dl-SC injected picrotoxin was based on the outcome of 
previous experiments (18). The CN injections were given 1 minute 
before the dl-SC injections. Immediately before the CN 
injections and 10, 20 and 40 minutes after the dl-SC injections 
the cats were subjected to a block of 7 trials, i.e. 3 slow 
rotation trials and 4 fast rotation trials (see apparatus). In 
the former trials the cats had to cross a slowly rotating 
cylinder (9 rotations/ min) whereas in the latter trials the cats 
had to step out of a startbox and subsequently cross a fast 
revolving cylinder (41 rotations/ min). 
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STATISTICS 
In both experiments (see above) the cats were repeatedly used. 
As the population was small and nothing was known about the 
population distribution of the data under study, a non-parametric 
test, i.e. the Wilcoxon matched pairs signed ranks test (15) was 
applied. 
WOODEN BAR 
For a detailed description of the statistical analysis concerning 
non-externally guided targeting movements see Gelissen and Cools 
(18). Briefly, at the end of the pre- and post-injection period, 
the non-externally guided targeting movements were expressed per 
cat as a percentage of the total number of targeting movements, 
both externally guided and non-externally guided. The percentage 
non-externally guided targeting movements concerning the 
pre-injection period was subtracted from that concerning the 
post-injection period. The Wilcoxon matched pairs signed ranks 
test was applied on thus obtained scores. 
ROTATING CYLINDER 
WALKING PARAMETER 
At the end of the pre- and post-injection period the distinct 
types of cylinder crossing movements, i.e. normal movements, 
special movements and counter movements were expressed per cat as 
percentage of the total number of cylinder crossing attempts. 
Thus obtained percentages concerning the pre-injection period 
were subtracted from the matching percentages concerning the 
post-injection period. The Wilcoxon matched pairs signed ranks 
test was applied on these scores. 
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The data concerning the three distinct types of cylinder crossing 
movements executed in fast and slow rotation trials were 
separately analysed. 
STARTBOX PARAMETER 
At the end of each experimental session for every animal the 
percentage stepping out of the startbox within 45 sec. after 
being placed in the box was calculated for both the pre- and 
post-injection period in the following way: the total number of 
times the cat stepped out of the startbox as described above was 
divided by the total number of times the cat was placed in the 
startbox, i.e. the total number of fast rotation trials. The 
percentage stepping out of the startbox within 45 sec concerning 
the pre-injection period was subtracted from that concerning the 
post-injection period. Finally, the Wilcoxon matched pairs 
signed ranks test was applied on thus obtained scores. 
6.4 RESULTS 
The data of the three post-injection blocks were pooled since 
statistical analysis showed that the results of the distinct 
blocks were identical. Only the pooled results will be mentioned 
below. 
WOODEN BAR 
Neither bilateral injection of haloperidol (12.5ug) nor bilateral 
application of apomorphine (0.6ug) affected the execution of 
non-externally guided targeting movements in cats tested to cross 
a bar in a fully illuminated room (p>0.05). The results are 
shown in Figure 6.3. Moreover, neither bilateral injection of 
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Haloperidol (12.5ug) nor bilateral application of apomorphine 
(О.бид) influenced the occurrence of non-externally guided 
targeting movements executed under stroboscopie illumination 
(p>0.05). The data are depicted in Figure 6.4. 
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FIGURE 6.3 Group averages of the percentage non-externally guided 
targeting movements executed after bilateral CN injection of 
distilled water (Sul; H20), apomorphine (0.6ug/5ul; APO) or 
haloperidol (12.5ug/5ul; HALD). The animals walked from one 
side of the bar to the other side under full light. The 
calculation of the percentage non-externally guided targeting 
movements is outlined in the section Materials and Methods. The 
number of animals participating in each experiment is indicated 
in the bars. 
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ROTATING CYLINDER 
WALKING PARAMETER 
Intracaudate injections of haloperidol (12.5ug) did not affect 
the way the cats crossed the slowly (velocity: 9 rotations /min) 
or fast (velocity: 41 rotations /min) revolving cylinder. 
Group averages of percentage non-externally guided 1 
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FIGURE 6.4 Group averages of the percentage non-externally guided 
targeting movements executed after bilateral CN injection of 
distilled water (5ul; H20), haloperidol (12.5ug/ 5ul; HALD) or 
apomorphine (O.öug/ 5ul; A P O ) . The animals walked from one side 
of the bar to the other side under stroboscopie illumunation (2 
flashes/ sec). The calculation of the percentage non-externally 
guided targeting movements is outlined in the section Materials 
and Methods. The number of cats participating in each experiment 
is indicated in the bars. 
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These results are shown in Figure 6.5 and 6.6. 
In contrast, application of 25 ug haloperidol significantly 
influenced the way the cats crossed the slowly revolving 
cylinder. The execution of normal movements decreased (p<0.003), 
whereas the execution of special movements increased (p<0.003). 
These results are shown in Figure 6.5. Counter movements never 
occurred after injecting 25 ug haloperidol. 
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Moreover, CN injection of haloperidol (25ug) was found to 
decrease the execution of normal movements in cats that crossed 
the fast revolving cylinder (p<0.05). Instead the execution of 
special movements significantly increased (p<0.05). These 
results are represented in Figure 6.6. 
Intracollicular injection of Picrotoxin (lOOng) did not influence 
the above-mentioned haloperidol (25ug) induced effects on 
cylinder crossing movements in either slow or fast rotation 
trials. 
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FIGURE 6.6 Group averages of the percentage special movements and 
normal niovements executed after bilateral injection of various 
combinations of agents into the CN: distilled water (5ul; H20 
-/5), haloperidol (12.5ug /5ul; HALD 12.5/5), haloperidol (25ug 
/5ul; HALD 25/5) and into the dl-SC: distilled water (0.5ul; 
H20 -/.5), Picrotoxin (lOOng /O.Bul; PTX 100/.5). The cats 
crossed a fast rotating cylinder (velocity; 41 rotations/ min). 
The calculation of the percentage normal movements and special 
movements is outlined in the section Materials and Methods. Nine 
cats participated in each experiment. *p< 0.05. 
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These results are shown in Figure 6.5 and 6.6. Besides dl-SC 
injection of Picrotoxin itself did not affect the way cats 
crossed the fast or slowly rotating cylinder. 
STARTBOX PARAMETER 
Application of haloperidol (12.5ug) into the CN did not influence 
the feline ability to step out of the startbox within 45 sec. 
after being placed in the box. 
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After injecting 25ug haloperidol into the CN, stepping out of the 
startbox within 45 sec. decreased in 5 out of 9 cats. Four cats 
left the startbox within 45 sec. after being placed in the box 
in every trial, whereas the remaining five cats did not leave the 
startbox within 45 sec. in each trial. 
Within the group (n=9) as a whole, however, CN injection of 25ug 
haloperidol was found to significantly decrease stepping out of 
the startbox within 45 sec. (p<0.03). These results are shown 
in Figure 6.7. 
Besides, the decreased ability to step out of the startbox within 
45 sec. and the haloperidol (25ug) induced decline in the 
execution of normal movements on the slowly rotating cylinder 
(see above), turned out to be correlated; point biserial 
correlation (Rpbi; Ferguson (15)) 0.705 p<0.05. In other words, 
cats that exhibited a decrement in the ability to step out of the 
startbox also exhibited a severe decline in the execution of 
normal movements while crossing the slowly rotating cylinder. 
The haloperidol induced decline in the execution of normal 
movements on a slowly rotating cylinder was less severe in cats 
that always left the startbox within 45 sec after being placed in 
the box. 
The haloperidol (25ug) induced decrement in stepping out of the 
startbox as observed in 5 out of 9 cats, was not affected by 
dl-SC injection of Picrotoxin (lOOng) (see Figure 6.7). Cats 
injected with Picrotoxin into the dl-SC and distilled water into 
the CN always left the startbox within 45 sec. after being 
placed in the box (see Figure 6.7). 
Cats that left the startbox within 45 sec. in every trial, after 
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being injected with Picrotoxin (lOOng) into the dl-SC in 
combination with CN application of either 25ug Haloperidol (n-4) 
or distilled water (n-9) exhibited the forelimb misplacements 
that were also observed in previous work (20). 
HISTOLOGICAL DATA 
Histological verification revealed that the injections placed 
into the CN were located at A (14.0;15.5), L (5.0;6.0) and D 
(5.2;6.6); see Figure 6.8. The injections placed into the dl-SC 
were located at A (1.0,-1.5), L (3.2;3.8) and D (2.9;3.3); see 
Figure 6.9. 
AMO ABO A155 
FIGURE 6.8 Topographic distribution of the CN injection sites 
according to Snider and Niemer (45). Only one side of the brain 
is shown, because the distribution of the injection sites was 
found to be identical in the left and right CN. 
6.5 DISCUSSION 
HALOPERIDOL: 12.5ug 
The present findings show that injection of 12.5ug haloperidol 
into the CN did not affect the execution of SNR related "normal" 
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movements m cats crossing a fast or slowly rotating cylinder. 
Moreover, CN injection of haloperidol (12.5ug) did not affect 
dl-SC related behaviour either: the occurrence of non-externally 
guided targeting movements in cats crossing a wooden bar under 
full light or stroboscopie illumination was not affected by 
injection of haloperidol (12.5ug) into the CN. The feline 
ability to step out of a startbox on a rotating cylinder was not 
influenced by CN application of 12.5ug haloperidol either. 
According to former experiments a dose of 12.5ug haloperidol 
injected into the CN produces behavioural effects which are both 
caudate specific and dopamine specific (28). Since 12.5ug 
haloperidol, which is effective in reducing the functional 
involvement of the dopamine transmission in the CN (2Θ), does not 
affect SNR and dl-SC related behaviour, it can be concluded that 
this moderate decrement in the dopaminergic CN activity which 
results in caudate specific deficits, does not affect SNR and 
dl-SC related behaviour. 
HALOPERIDOL: 25ug 
The present data show that CN injection of 25ug haloperidol 
affected the execution of SNR related behaviour: The execution 
of normal movements on the fast and slowly rotating cylinder 
decreased. Instead, the cats executed special movements. This 
also occurs after SNR dysfunctioning resulting from injection of 
Picrotoxin into this area (20). Although 25ug haloperidol did 
not elicit SNR specific freezing, the above-mentioned data allow 
the conclusion that 25ug haloperidol anyhow produces SNR 
dysfunctioning. It remains to be investigated whether still 
higher doses of haloperidol are required for eliciting the SNR 
267 
specific freezing. 
FIGURE 6.9 Topographic distribution of the dl-SC injection sites 
according to Snider and Niemer (45). Only one side of the brain 
is shown, because the distribution of the injection sites was 
found to be identical in the left and right dl-SC. 
In addition, CN application of 25ug haloperidol decreased the 
feline ability to step out of the startbox on the rotating 
cylinder which, as shown previously (20), implies the execution 
of a non-externally guided targeting movement. This also occurs 
after dl-SC dysfunctioning resulting from injection of muscimol 
into this area (20). 
In other words, increasing the pathology in the CN by doubling 
the dose of CN injected haloperidol affects not only SNR but also 
dl-SC related behaviour. 
So, this study provides hard evidence in favour of the hypothesis 
that the degree of motor disorder due to basal ganglia dys-
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function is dependent on the degree of pathology in basal gang-
lia nuclei (3, 5, 7): increasing basal ganglia dysfunctioning 
progressively interferes with movements originating from 
structures downstream from the striatum. 
These findings may explain why extensive striatal pathology 
resulting from application of 6-OHDA results in very severe 
sensorimotor deficits (11, 27, 32, 33, 34, 35, 38). 
Surprisingly, the present study shows that dl-SC injection of 
Picrotoxin did not attenuate the haloperidol (25ug) induced 
deficits in stepping out of a startbox on a rotating cylinder 
which, as shown previously (20), implies the execution of 
non-externally guided targeting movements. Previous studies have 
shown that both the dl-SC and the SNR are involved in the 
execution of these targeting movements (18, 20). Dysfunctioning 
of the SNR not only decreases the execution of these dl-SC 
related movements (18), but also prevents dl-SC injected 
Picrotoxin from eliciting these movements (19). 
Since application of 25ug haloperidol results in SNR dys-
functioning (see above), it is tempting to speculate that the 
latter dysfunctioning prevents dl-SC injected Picrotoxin from 
restoring the haloperidol induced inability to step out of the 
startbox. 
Recently it was shown that SNR dysfunctioning not only affects 
SNR specific behaviour such as executing normal movements on a 
revolving cylinder (20), but also affects crossing a wooden bar 
under full light (18) and stepping out of a startbox (20), i.e. 
behaviour in which both the SNR and the dl-SC are involved. The 
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present findings demonstrate that decline in the execution of 
normal movements on a rotating cylinder correlates with a 
decreased ability to step out of a startbox; only cats 
exhibiting a severe decline in the execution of normal movements 
exhibited a decreased ability to step out of the startbox, 
whereas cats exhibiting a less severe decline in the execution of 
normal movements, always stepped out of the startbox within 45 
sec. after being placed in the box. Based on these findings it 
is tempting to speculate that severe SNR dysfunctioning will 
affect the occurrence of behaviour that is related to both the 
SNR and the dl-SC, whereas less severe SNR dysfunctioning already 
elicits SNR specific deficits without affecting the behaviour in 
which both the SNR and the dl-SC are involved. 
In summary, the present data show that only a severe, but not a 
moderate, inhibition of dopamine receptors within the CN affects 
motor expressions originating from the SNR and dl-SC, i.e. 
structures downstream from the CN. 
It is evident that this insight opens new perspectives for a 
better understanding of the progressive pathology seen in 
patients suffering from Parkinson's disease. 
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CHAPTER 7 
THE OPEN FIELD SITUATION: EFFECT OF INTRACAUDATE HALOPERIDOL 
AND APOMORPHINE ON SWITCHING MOTOR PATTERNS. 
7.1 SUMMARY 
Previous studies using various experimental set-ups, have shown 
that the dopaminergic activity in the caudate nucleus (CN) is 
involved in the organism's ability to switch from one motor or 
behavioural program to another without the help of external 
stimuli (switching arbitrarily). 
The purpose of the present study is to investigate how ar-
bitrarily switching motor patterns manifests itself in an open 
field situation. 
Therefore cats were habituated to an observation cage in which 
they were deprived from any other than self-motion induced 
changes in external stimuli. The effects of CN application of 
haloperidol (12.5ug /5ul) and apomorphine (O.Sug /5ul) were 
analysed on the feline ability to switch from one motor program 
to any other program executed in the observation cage. 
Since previous studies have demonstrated that various expressions 
of dopaminergic CN activity are funnelled through the deeper 
layers of the superior colliculus (dl-SC), it was hypothesized 
that switching induced by CN application of apomorphine may also 
be channelled through the dl-SC. Therefore the effect of dl-SC 
injected muscimol (75ng /lul) was analysed on the ability to 
switch motor programs in cats pretreated with apomorphine. 
Application of haloperidol decreased switching. In addition the 
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number of distinct motor patterns executed in the open field 
situation declined after injecting haloperidol into the CN. The 
haloperidol induced effect, however, was not selectively re-
stricted to any particular motor pattern. Switching from one mo-
tor pattern to another increased after CN injection of apomor-
phine. Moreover, the number of distinct motor patterns increased 
after CN injection of apomorphine. However, the effect of CN 
application of apomorphine was not selectively restricted to any 
particular motor pattern. Injection of muscimol into the dl-SC 
reduced both the number of distinct motor patterns and the number 
of switchings in cats pretreated with apomorphine. 
7.2 INTRODUCTION 
It is known for a long time that the basal ganglia are involved 
in motor control; however, the exact way the basal ganglia in-
fluence motor behaviour remains mostly unknown (6, 38, 49). 
Within the basal ganglia the striatum (caudate nucleus and 
putamen) constitutes the main input station (6, 26). Recently, 
it was shown (34) that the dopaminergic activity in the caudate 
nucleus (CN) determines the organism's capacity to arbitrarily 
switch motor programs, i.e. to switch from one motor program to 
another without the help of external stimuli: in a food 
dispenser test, measuring the feline capacity to switch motor 
patterns on a running belt of a treadmill in order to get access 
to food pellets, it was shown that CN injection of haloperidol, a 
dopaminergic antagonist reduces the capacity to switch motor 
patterns without the help of external stimuli. This effect is 
dopamine specific since the haloperidol induced effects are 
attenuated by apomorphine, a dopaminergic agonist. 
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Recent studies have shown that the caudate function is not 
limited to motor patterns. This function also extends to complex 
behaviour such as social interactions in Java monkeys (2) and 
behavioural strategies in rats subjected to the "swimming without 
escape test" (5, 55); CN injected haloperidol inhibits switching 
from one behavioural strategy to another without the help of 
external stimuli. The rats display only one type of behaviour. 
On the other hand, apomorphine enhances arbitrarily switching. 
The number of distinct behavioural strategies increases after CN 
injection of apomorphine. 
The purpose of the present study is to investigate how 
arbitrarily switching motor patterns manifests itself in an open 
field situation. Therefore, cats are habituated to an 
observation cage, in this cage the animals are deprived from any 
other than self-motion induced changes in external, i.e., visual, 
auditory, tactile and olfactory stimuli. So, apart from 
switching induced by the latter external stimuli, in this 
situation switching arbitrarily motor patterns may occur. The 
effects of CN injection of haloperidol and apomorphine are 
investigated on the feline ability to switch from one motor 
pattern to any other motor pattern executed in the observation 
cage. 
Recently, (29) it was found that CN specific arbitrarily 
switching motor programs is funnelled through the substantia 
nigra pars reticulata (SNR). This is one of the major output 
stations of the CN (rat: 23, 56; cat: 27, 43, 46; monkey: 
51; for rev: 10, 49) and some of the striatonigral fibers use 
GABA as neurotransmitter (rat: 1, 24, 47, 53; cat: 44; 
monkey: 30; for rev: 14). Arbitrarily switching, however, is 
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not the only expression of caudate activity which is channelled 
through the SNR. Circling (7, β, 20, 33, 37) and tonic EMG 
activity, a measure for muscular rigidity (11), which can be 
induced by dopaminergic agents into the CN, are also mediated 
through the SNR. The SNR in its turn projects to the deeper 
layers of the superior colliculus (dl-SC) (rat: 28, 31; cat: 
25, 45; monkey: 16, 35; squirrel: 40) through GABA-ergic 
nigrotectal fibers (rat: 3, 39, 47, 54; for review: 14). 
Previous studies have shown that the above-mentioned expressions 
of dopaminergic CN activity, i.e., circling and tonic EMG 
activity, are also funnelled through the dl-SC (circling: 9, 33, 
37, 42; tonic EMG activity (11). So, the striato-nigro-
collicular pathway is known to be the output channel for various 
expressions of caudate activity. It may be hypothesized that the 
caudate specific apomorphine induced increment in switching is 
also channelled through the dl-SC. As recent biochemical and 
behavioural studies have demonstrated that the dopamine receptors 
in the striatum control the GABA turnover in the dl-SC via the 
striato-nigro-collicular pathway ( 37, 41), i.e. enhancement of 
the dopaminergic striatal activity decreases the GABA-ergic dl-SC 
activity and vice versa, the effect of dl-SC application of 
muscimol, a GABA-ergic agonist (12, 13, 50), is investigated on 
the capacity to switch from one motor pattern to another in cats 
pretreated with apomorphine in the CN. 
7.3 MATERIALS AND METHODS 
SUBJECTS 
Male cats (n-18) weighing between 3.5 and 4.9 kg were used. Each 
group, composed of 9 cats was housed in an iron cage (2* 1.5* 
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1.5m). Food (Hope Farms) and water were available ad libitum, 
except during the test periods. Nine animals were equipped with 
cannulae directed at the caudate nucleus alone. The remaining 9 
cats were equipped with cannulae directed both at the superior 
colliculus and at the caudate nucleus. 
SURGICAL PROCEDURE AND HISTOLOGICAL VERIFICATION 
Under pentobarbital anaesthesia (40mg/kg IP) 18 cats were 
stereotaxically equipped with stainless steel guide cannulae 
(inner and outer diameter 0.4 and 0.8 mm resp.) into the 
rostromedial part of the caudate nucleus. The coordinates were A 
15.0, L 5.0, D 5.0 of Snider and Niemer (52). Nine of these cats 
were also provided with stainless steel guide cannulae (inner and 
outer diameter 0.4 and 0.8 mm resp.) aimed at the superior 
colliculus. The tips of the cannulae were implanted above the 
superior colliculus (A 1.5, L 3.5, D 6.5; Snider and Niemer 
(52)) in order to avoid damage to the tectal tissue. In the 
present paper the superior colliculus is subdivided into 
superficial and deeper layers according to the terminology of 
Kanaseki and Sprague (36). In order to allow injections into the 
deeper layers of the superior colliculus (A 1.5, L 3.5, D 3.5; 
Snider and Niemer (52)) a Hamilton syringe (diameter of the 
injection needle 0.35 mm; sharpened tip) protruding 3.0 mm be-
low the tip of the guide cannula was used. 
At the end of the last behavioural test, the animals were deeply 
anaesthetized and subsequently perfused through the heart with a 
4% formaldehyde solution. In order to estimate the location of 
the tip of the injection needles, the brains were removed and 
subsequently dissected with the help of a cryostat (temperature 
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-18 С). 
APPARATUS 
A sound tight wooden observation cage (60* 60* 90 cm) with a 
plexiglass front panel was used. In this cage the cats were de­
prived from any other than self-motion induced changes in ex­
ternal i.e. visual, auditory, tactile and olfactory, stimuli. 
The cats were habituated to the cage for five Ih sessions. A 
representative picture of a cat in the observation cage is shown 
in Figure 7.1. 
FIGURE 7.1 Representative picture of a cat in an observation 
cage. 
The experimental sessions were started with cats being familiar 
with the observation cage. The intersession intervals were 7 
days. Each session consisted of 3 observation blocks. For 
details about the duration of the 3 observation blocks and the 
interblock intervals see Experimental Design. Per session, the 
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feline behaviour executed in the cage was recorded on videotape 
by means of a closed TV circuit and subsequently analysed. 
DEPENDENT VARIABLES 
Per observation block the follúwing parameters were scored for 
every cat; 
1. Changes from motor patterns, i.e. switching from one motor 
pattern to any other motor pattern executed in the obser-
vation cage: the number of switchings 
2. The number of distinct motor patterns 
3. The frequency of each distinct motor pattern 
EXPERIMENTAL DESIGN 
CAUDATE NUCLEUS INJECTIONS 
In the first experiment, the 9 cats equipped with CN cannulae 
were used. The animals were subjected to bilateral injections of 
different agents. Haloperidol (12.5ug /5ul; Serenase Janssen 
Pharmaceutica), apomorphine hydrochloride (0.6ug /5ul; Brocades) 
or distilled water (5ul) i.e., the solvent of the drugs, were 
bilaterally injected into the CN. 
According to former experiments in which open field behaviour was 
analysed, haloperidol and apomorphine are effective, locus speci-
fic and dopamine specific in the chosen doses and volumes (4). 
Five minutes before and immediately after the intracerebral 
injection and resp. 4 and 30 minutes after the injection the 
feline behaviour was analysed. A schematic representation of the 
experimental paradigm is shown in Figure 7.2. In combined 
haloperidol/ apomorphine experiments, the haloperidol injections 
were given 5 minutes before the apomorphine injections. The 
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time-schedule shown in Figure 7.2 was used; 5 minutes before the 
haloperidol application and immediately after the apomorphine 
injection and resp. 4 and 30 minutes after the latter injection 
the feline behaviour in the observation cage was analysed. 
post 1 post 2 post 3 
30 35 
intracerebral injection 
FIGURE 7.2 Schematic representation of the experimental design. 
T« 0 
PRE 
POST 
time of intra-cerebral injection. 
pre-injection block. 
post-injection block. 
CAUDATE NUCLEUS AND SUPERIOR COLLICULUS INJECTIONS 
In the second experiment, the 9 cats equipped with dl-SC cannulae 
and CN cannulae were used. The cats were bilaterally injected 
with various combinations of agents into the CN and the dl-SC. 
Table 7.1 shows the distinct combinations of agents injected into 
the CN and the dl-SC. 
TABLE 7.1 
Schematic representation of various combinations of agents as 
injected into the caudate nucleus (CN) and the deeper layers of 
the superior colliculus (dl-SC). 
The doses and volumes are indicated in brackets. 
dl-SC CN 
distilled water (lul) 
distilled water (lul) 
muscimol (75ng/ lul) 
muscimol (75ng/ lul) 
distilled water (Sul) 
apomorphine (О.бид/ Sul) 
distilled water (Sul) 
apomorphine (О.бид/ Sul) 
The chosen dose of dl-SC injected muscimol (Serva Feinbiochemica 
Heidelberg; see Table 7.1) has been found to prevent the 
execution of dl-SC specific behaviour (21): the effect of this 
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behaviour is both locus specific and GABA specific. 
The CN injections were given 1 minute before the dl-SC 
injections. The time-schedule of the first experiment was used: 
the feline behaviour was analysed 5 minutes before the CN 
injections, immediately aftei the dl-SC injections and resp. 4 
and 30 minutes after the dl-SC injections. 
STATISTICS 
Per observation block three parameters were quantified for every 
cat: 
1. The number of switchings. 
2. The number of distinct motor patterns. 
3. The frequency of each distinct motor pattern. 
In both experiments the cats were repeatedly used. As the 
population was small and nothing was known about the population 
distribution of the data under study, a non-parametric test, i.e. 
the Wilcoxon matched pairs signed ranks test (15), was used. 
7.4 RESULTS 
The changes in motor patterns executed after intracerebral 
application of the agents were computed over 24 motor patterns 
(Table 7.2 and Figure 7.3). 
CAUDATE NUCLEUS INJECTIONS 
CN injections of apomorphine significantly increased the number 
of switchings from one motor pattern to any other motor pattern, 
in each of the 3 post injection blocks (block 1: p< 0.003; 
block 2: p< 0.03; block 3: p<0.01; see Figure 7.4). 
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TABLE 7.2 
Glossary of 24 motor patterns accounting for the full observation 
periods. 
1 Sitting on the hindlegs 
2 Sitting on both hind- and forelegs 
3 Standing on the hindlegs 
4 Standing on all four 
5 Sitting with outstretched forelegs 
6 Sitting with retracted forelegs 
7 Lying in an up-curled position 
β Lying with the head on the forelegs 
9 Lying on one side being stretched out in full length 
10 Forward locomotion 
11 Backward locomotion 
12 Head movement to the right 
13 Head movement to the left 
14 Head and torso movement to the right 
15 Head and torso movement to the left 
16 Head movement upwards 
17 Head movement downwards 
IB Turning rightwards 360 degrees 
19 Turning leftwards 360 degrees 
20 Sniffing 
21 Licking the own body 
22 Miaowing 
23 Humping the back 
24 Stretching out 
F i g 
F i q 
F i q 
F i q 
F i q 
F i q 
F i q 
F i q 
F i g 
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FIGURE 7.3 Graphic representation of distinct motor patterns as 
described in Table 7.2. 
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Intracaudate application of Haloperidol significantly reduced the 
number of switchings in the second (p<0.003) and third (p<0.01) 
post injection block. Immediately after application of Ha­
loperidol switching from one motor pattern to another was not af­
fected (Figure 7.4). 
Ξ Μ th.ng IN] 
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FIGURE 7.4 Group averages of switching from one motor pattern to 
another, after bilateral intracaudate injection of distilled 
water (5ul; H20), Haloperidol (12.5ug /Sul; HALD), apomorphine 
(0.6ug /Sul; APO) or Haloperidol (12.5ug /Sul) followed by 
apomorphine (0.6ug /Sul; HALD+APO). 
A: pre-injection block; B: first post-injection block; 
C: second post-injection block; D: third post-injection block. 
The number of animals participating in each experiment is 
indicated in the bars. *p< 0.003, **p< 0.03, ***p< 0.01. 
The Haloperidol induced effects were attenuated by apomorphine 
(block 2: p<0.03; block 3: p<0.01) and Haloperidol attenuated 
the effect of apomorphine in every block (block 1: p<0.03; 
block 2: p<0.03; block 3: p<0.03). 
Moreover, CN application of apomorphine significantly increased 
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the number of distinct motor patterns in each of the 3 post 
injection blocks (block 1: p<0.01; block 2: p<0.05; block 3: 
p<0.05; see Figure 7.5). 
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FIGURE 7.5 Group averages of distinct motor patterns after 
bilateral intracaudate injection of distilled water (Sul; H20), 
haloperidol (12.5ug /5ul; HALD), apomorphine (0.6ug /Sul; APO) 
or haloperidol (12.5ug /5ul) followed by apomorphine (0.6ug /Sul; 
HALD+APO). 
A: pre-injection block; B: first post-injection block; 
C: second post-injection block; D: third post-injection block. 
The number of animals participating in each experiment is 
indicated in the bars. *p< 0.01, **p< 0.05, *** p<0.003. 
Haloperidol attenuated this effect. Intracaudate injections of 
haloperidol reduced the number of distinct motor patterns 
executed in the second (p<0.003) and third (p<0.003) post 
injection block. Apomorphine attenuated the haloperidol induced 
effect. Injection of haloperidol did not influence the number of 
distinct motor patterns executed immediately after intracaudate 
application (Figure 7.5). 
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Neither CN injection of haloperidol, nor CN injection of apo-
morphine significantly affected the frequency of any distinct mo-
tor pattern in particular (data not shown). 
CAUDATE NUCLEUS INJECTIONS AND SUPERIOR COLLICULUS INJECTIONS 
Application of muscimol into the dl-SC significantly attenuated 
the apomorphine induced increase in the number of switchings in 
the second (p< 0.003) and third (p<0.003) post injection block 
(see Figure 7.6). 
FIGURE 7.6 Group averages of switching from one motor pattern to 
another, after bilateral injection of various combinations of 
agents into the caudate nucleus and the deeper layers of the 
superior colliculus (dl-SC). 
A: pre-injection block; B: first post-injection block; 
C: second post-injection block; D: third post-injection block. 
The number of animals participating in each experiment is 
indicated in the bars. MSM- muscimol; APO» apomorphine; H20-
distilled water. *p< 0.003, **p< 0.01, ***p< 0.03. 
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Moreover dl-SC injection of muscimol reduced the aporaorphine 
induced effect on the number of distinct motor patterns in the 
second (p<0.007) and third (p<0.04) post injection block (see 
Figure 7.7). 
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FIGURE 7.7 Group averages of distinct motor patterns after 
bilateral injection of various combinations of agents into the 
caudate nucleus and the deeper layers of the superior colliculus 
(dl-SC). 
A: pre-injection block; B: first post-injection block; 
C: second post-injection block; D: third post-injection block. 
The number of cats participating in each experiment is indicated 
in the bars. See also Figure 7.6. *p< 0.007, **p< 0.04, ***p< 
0.01, +p< 0.05. 
Application of muscimol into the dl-SC did neither affect the 
apomorphine induced increase in the number of switchings nor that 
in distinct motor patterns in the first post injection block 
(Figure 7.6 and Figure 7.7). Muscimol itself did not affect the 
feline behaviour in the first post injection block. In the 
second and third post injection block, however, dl-SC application 
291 
of muscimol significantly reduced both the number of switchings 
(block 2: p<0.01; block 3: p<0.03; see Figure 7.6) and the 
number of distinct motor patterns (block 2: p<0.01; block 3: 
p< 0.05; Figure 7.7). 
Dl-SC application of muscimol did not significantly affect the 
frequency of any distinct motor pattern in particular (data not 
shown). 
HISTOLOGICAL DATA 
Histological verification revealed that the injections placed 
into the dl-SC were located at A (1.0;1.5), L (3.2;3.8) D 
(2.9;3.3). 
The injections placed into the CN were located at A (14.0;15.5) L 
(5.0,-6.0), D (5.2,-6.6). 
For topographic distributions of the injection sites of muscimol 
into the dl-SC and haloperidol and apomorphine into the CN see 
Gelissen and Cools (22). 
7.5 DISCUSSION 
The present findings show that CN injections of haloperidol 
reduced the feline ability to switch from one motor pattern to 
another in an open field situation. As mentioned above (see 
Introduction), in the present open field situation switching from 
one motor pattern to another could either be arbitrarily or 
elicited by self-motion induced external stimuli. Based on 
previous findings, which showed that CN injection of haloperidol 
selectively reduced the ability to arbitrarily switch motor 
patterns (34) and behavioural strategies (5, 55), it is very 
likely that the haloperidol induced reduction in switching motor 
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patterns, as observed in the present study, results from a 
decrement in arbitrarily switching motor patterns. Additionally, 
haloperidol reduced the number of distinct motor patterns 
executed in the observation cage. In other words, CN injections 
of haloperidol reduced the variability of the motor patterns 
displayed by cats in the open field situation. Application of 
haloperidol into the CN did not influence the frequency of any 
distinct motor pattern in particular: this demonstrates that the 
haloperidol induced effect was not restricted to any of the 
studied motor patterns. 
The present findings also showed that CN application of 
apomorphine increased the feline ability to switch from one motor 
pattern to another in an open field situation. On the basis of 
previous results which demonstrated that CN injection of 
apomorphine selectively increased the ability to switch 
arbitrarily from one behavioural strategy to another (5, 55), it 
is probable that the apomorphine induced increment in switching 
motor patterns, as observed in the present study, results from an 
enhancement in arbitrarily switching. In addition, apomorphine 
increased the number of distinct motor patterns executed in the 
open field situation, but did not influence the frequency of any 
distinct motor pattern in particular. These findings demonstrate 
that CN application of apomorphine increased the variability of 
the feline motor patterns without affecting the frequency of 
particular classes of motor patterns. 
In line with the present findings, Schmidt (48) showed that 
blockade of dopamine receptors produced a narrowing of the range 
of motor patterns exhibited by ferrets, whereas stimulation of 
the dopamine receptors had the opposite effect in these animals. 
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Previous studies have demonstrated that a decrease in striatal 
dopaminergic activity leads to a decrease in the GABA-ergic SNR 
activity (17, 1Θ, 19, 32), which in turn leads to an increase in 
the GABA-ergic dl-SC activity (41) and vice versa. Recently it 
was shown by Heim etal. (29) LuaL decreasing the GABA-ergic SNR 
activity by application of Picrotoxin, a GABA-ergic antagonist 
(12, 50), into this area reduced the feline capacity to display 
CN specific switching in a food dispenser test. In other words, 
Heim etal. (29) showed that the SNR is involved in the 
expression of CN specific switching motor patterns. The present 
study demonstrated that increasing the GABA-ergic dl-SC activity 
by injecting muscimol, a GABA-ergic agonist, into the dl-SC 
reduced both the number of switchings and the number of distinct 
motor patterns in cats pretreated with apomorphine. Injection of 
muscimol alone also reduced these variables. These findings are 
in line with the hypothesis that CN specific behaviour is 
funnelled through the dl-SC (see Introduction). As switching 
exhibited by the cats in the present set-up is not exclusively 
composed of switching arbitrarily (see above), it still remains 
to be investigated whether this holds true for CN specific 
switching arbitrarily. 
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CHAPTER 8 
SPECIFICATION OF THE CONTRIBUTION OF THE SUBSTANTIA 
NIGRA PARS RETICULATA TO THE PROGRAMMING OF COLLICULAR 
RELATED GOAL DIRECTED MOVEMENTS IN CATS. 
8.1 SUMMARY 
The goal of this study was to analyse how the substantia nigra 
pars reticulata (SNR) contributes to the initiation of collicular 
related targeting movements, i.e. targeting movements that aie 
elicited but not continuously guided by external stimuli 
(non-externally guided targeting movements). It was investigated 
whether experimentally induced changes in the GABA-ergic activity 
of the SNR alter the number and/or vector of these collicular 
related targeting movements in cats. For that purpose we ana-
lysed the effects of SNR injections of GABA-ergic agents upon 
head and limb movements directed by non-killer cats at a freely 
moving mouse. 
SNR injected Picrotoxin (500ng /0.5ul) reduced the excution of 
non-externally guided mouse directed head and limb movements, 
whereas SNR applied muscimol (200ng /lul) increased the 
occurrence of these mouse directed head and limb movements. SNR 
application of muscimol especially increased non-externally 
guided head movements directed at mice which moved to the feline 
tail region by passing under the cat. The muscimol induced ef-
fects were attenuated by picrotoxir>. 
When executing mouse directed limb movements, the cats never 
missed, irrespective of the agents injected into the SNR. When 
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executing mouse directed head movements, however, even cats 
injected with distilled water into the SNR now and then missed 
the mouse. The incorrect head movements especially occurred in 
case the movements were directed at mice moving to the feline 
tail region by passing under or by passing along the cat. 
Neither SNR injection of Picrotoxin nor SNR application of 
muscimol affected the overall occurrence of incorrect mouse 
directed head movements. After SNR injection of muscimol, 
however, the incorrect head movements occurred in case the 
movements were directed at mice moving to the feline tail region 
by passing along instead of passing under the cat. 
Since experimentally induced changes in the GABA-ergic activity 
of the SNR affect the number, but not the vector, of collicular 
related non-externally guided targeting movements, it is 
discussed that the present data support the hypothesis that the 
SNR exerts a gating effect upon the dl-SC. 
B.2 INTRODUCTION 
Recently (8, 9, 20, 21), two types of targeting movements have 
been dissociated: targeting movements that are elicited but not 
continuously guided by external stimuli, i.e. non-exter-
nally guided targeting movements and targeting movements that are 
continuously guided by external stimuli, i.e. externally gui-
ded targeting movements. Pharmacological and lesion studies have 
demonstrated that the integrity of the deeper layers of the 
superior colliculus (dl-SC) is required for the execution of 
non-externally guided targeting movements (pharmacological stud-
ies: rat: 11, cat: 20, 21, monkey: 27, 29, lesion studies: 
23, 24, 26, 35, 38, 39, 43). 
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Moreover, it has also been found that the intactness of the 
substantia nigra pars reticulata (SNR) is necessary for the 
occurrence of these dl-SC related targeting movements: SNR 
injection of Picrotoxin, an agent that attenuates the activity of 
GABA (12, 44) not only suppresses the execution of non-externally 
guided targeting movements (20, 31), but also prevents dl-SC 
injected Picrotoxin from eliciting these movements (21). On the 
other hand, SNR application of muscimol, a GABA-ergic agonist ( 
12, 13, 44), increases the execution of these dl-SC specific 
targeting movements (cat: 20, rat: 31, monkey: 30). 
The SNR projects to the dl-SC through GABA-ergic nigrotectal 
fibers (1, 2, 10, 14, 1Θ, 19, 42, 49) and exerts a potent 
inhibitory influence on collicular neurons (3, 34). Elec­
trophysiological studies have demonstrated that the neuronal SNR 
activity decreases, whereas the neuronal dl-SC activity increases 
just before the execution of non-externally guided targeting 
movements (2Θ). It has been suggested that the SNR affects the 
execution of these targeting movements by exerting a gating ef­
fect on the excitability of the tectal neurons via a dis-
inhibitory mechanism. The latter disinhibitory mechanism would 
release the dl-SC from tonic inhibition and increase the 
reactivity of dl-SC neurons to sensory input (3, 4, 28, 33, 36). 
In other words, changes in the neuronal SNR activity would simply 
alter the degree in which sensory input gets access to the dl-SC. 
However,it might also be hypothesized that the SNR itself 
provides the dl-SC with information that is required for the 
programming of these targeting movements. Previous studies have 
provided evidence that the integrity of the GABA-ergic activity 
in the SNR is required for directing changes in head and body 
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position with the help of static proprioceptive stimuli (6, 7). 
Although SNR signals which contain information about the 
execution of the above mentioned changes in head and body 
position are not funnelled through the dl-SC (21), it remains 
possible that the nigrocollicular fibers send an efference copy 
of this information to the dl-SC. Recent data suggest that the 
dl-SC is a possible site for the integration of the eye position 
and the visual signal (retinal error) in order to determine the 
vector of the subsequent visually elicited saccadic eye movement 
(16, 17, 37, 40, 47, 48). The source of the incoming dl-SC 
information reflecting eye, head and body position being 
necessary for the determination of the vector of these 
non-externally guided targeting eye movements is not known. 
Assuming that the feline dl-SC contributes to the execution of 
non-externally guided targeting movements of the head, body and 
limbs in a similar way, it is attractive to postulate that the 
SNR, considering its function in adjusting the head and body 
position, sends an efference copy which conveys information about 
the eye, head and body position to the dl-SC in order to allow 
the organism to determine the vector of the above mentioned 
non-externally guided targeting movements. 
In the present study we investigated whether experimentally 
induced changes in the GABA-ergic activity of the SNR have indeed 
consequences for the execution of non-externally guided targeting 
head and limb movements in cats. Since SNR administration of 
certain doses of muscimol (200ng /lul) and Picrotoxin (SOOng 
/0.5ul) is known to elicit and prevent respectively the execution 
of changes in head and body position directed by static 
proprioceptive stimuli (6, 7), we used this technique to 
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(in)validate the above mentioned hypotheses: the gating 
hypothesis states that this manipulation would lead to a plain 
increase or decrease in the display of non-externally guided 
targeting movements, whereas the efference copy hypothesis states 
that especially SNR injected muscimol would lead to changes in 
the vector of these targeting movements, since SNR application of 
this agent would flood the dl-SC with information about forced 
artificial changes in head and body position superimposed on the 
existing position. We analysed changes in head and limb 
movements directed by non-killer cats at a freely moving mouse in 
an open field. In a previous study this set-up has been found to 
allow the assessment of subtle changes and deficits in externally 
guided and non-externally guided targeting movements: that study 
has revealed that especially Picrotoxin injections into the dl-SC 
significantly alter the vector of non-externally guided targeting 
movements (Cools etal., in prep.). 
8.3 MATERIALS AND METHODS 
SUBJECTS 
Male cats weighing between 3.7 and 5.3 kg were used. The animals 
were housed in an iron cage (2* 1.5* 1.5m). Food (Hope Farms) 
and water were available ad libitum except during the test 
periods. The animals were equipped with cannulae directed at the 
substantia nigra pars reticulata (SNR). 
SURGICAL PROCEDURE AND HISTOLOGICAL VERIFICATION 
Under pentobarbital anaesthesia (40mg/kg, IF) stainless steel 
guide cannulae with an inner and outer diameter of 0.4 and 0.8 mm 
respectively were stereotaxically implanted 0.1 mm above the left 
эо 
and right substantia nigra pars reticulata (SNR); coordinates A 
3.0, L 6.0 and V 3.2 of Snider and Niemer (45) and at an angle of 
10 degrees with the sagittal plane. In order to allow injections 
into the SNR, a Hamilton syringe (diameter of the injection 
needle 0.35 mm; sharpened tip), protruding 0.1 mm below the tip 
of the guide cannula, was used. 
At the end of the last behavioural test, the cats were deeply 
anaesthetized and subsequently perfused through the heart with a 
4% formaldehyde solution. The brains were removed and sub­
sequently dissected with the help of a cryostat (temperature -18 
C) in order to estimate the location of the tip of the in­
jection needles. 
APPARATUS 
A sound tight wooden observation cage (60* 60* 90cm) with a 
plexiglass front panel was used. The observation cage was pro­
vided with a ventilator (mini frilec, type V80) in order to pre­
vent the cat from smelling the mouse (see below). Moreover, the 
observation cage was equipped with white noise for preventing the 
cat from hearing the mouse (see below). 
The cats were habituated to this situation for 6 one hour 
sessions. After being familiar with the situation, the cats were 
confronted with a freely moving mouse (Swiss) in this situation 
for 30 minutes/day during 4 successive days. Only cats that were 
interested in the mouse, i.e. followed the mouse with the head 
and/or hit at the mouse, were used in the experiments to be 
described below. Cats that turned out to be killers or cats that 
were not interested in the mice (see above), were dismissed. 
Figure 8.1 shows a cat hitting at a mouse. 
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The intersession intervals were 7 days. Each session consisted 
of one block of 30 minutes in which the cats (n=9) were observed 
while interacting with a mouse. 
The feline behaviour was recorded on videotape by means of a 
closed TV circuit and subsequently analysed. 
FIGURE 8.1 Representative picture of a cat interacting with a 
mouse. 
DEPENDENT VARIABLES 
The following types of mouse directed movements were scored; 
1.1 EXTERNALLY GUIDED MOUSE DIRECTED ЫИВ MOVEMENTS 
The cat hits at the mouse with the forepaw: during the 
execution of this movement the mouse is continuously in front 
of the feline head (see Figure 8.2). This happens in case 
the mouse sits immobile or moves slowly. 
зю 
l· в — 
A=in front of 
В = tail re gran 
FIGURE 8.2 Graphic representation of the territories labeled 
as "in front of" and "the tail region". 
1.2 NON-EXTERNALLY GUIDED HOUSE DIRECTED LIMB MOVEMENTS 
The cat hits at the mouse with the forepaw: however, during 
the execution of this movement the mouse is NOT continuously 
in front of the feline head. These limb movements occur in 
case cats hit at mice which 1. abruptly start moving, 2. 
abruptly turn round, or 3. abruptly jump from one place to 
another. 
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Because an intrinsic visuomotor delay precludes the use of 
visual feedback (32), these limb movements are elicited but 
not continuously guided by the mouse. 
2.1 EXTERNALLY GUIDED HOUSE DIRECTED HEAD MOVEMENTS 
The cat follows the mouse with the head in such a way that 
the mouse is continuously in front of the feline head (see 
Figure Θ.2) during the execution of this movement, i.e. the 
cat continuously tracks the mouse with the head. This 
happens in case the mouse moves slowly. 
2.2 NON-EXTERNALLY GUIDED MOUSE DIRECTED HEAD MOVEMENTS 
The cat follows the mouse with the head: however, during 
this movement the mouse is NOT continuously in front of the 
feline head, i.e. the cat discontinuously tracks the mouse 
with the head. This occurs in case cats execute head 
movements directed at mice which 1. abruptly jump from one 
place to another, 2. abruptly start moving, or 3. abruptly 
turn round. 
Since the existence of an intrinsic visuomotor delay 
precludes the use of visual feedback (32), these head 
movements are elicited but not continuously guided by the 
mouse. 
Moreover, the following sub-types of non-externally guided 
mouse directed head movements were scored: Head movements that 
are elicited but not continuously guided by a mouse which 1. 
moves to the tail region of the cat (abbreviated as: to the 
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tail; see Figure 8.2), and 2. does not move to the tail region 
of the cat (abbreviated as: not to the tail). In addition the 
former subclass was divided as follows: non-externally guided 
head movements that are elicited by a mouse that moves to the 
feline tail region by passing along or passing under the cat. 
Note that the ventilator and the white noise prevented the 
cat from smelling and hearing the mouse respectively (see 
apparatus). Therefore these stimuli could not be used for 
executing any of the mouse directed head or limb movements 
described above. Moreover executing mouse directed head or limb 
movements while continuously using tactile stimuli could not be 
scored, because these stimuli were not permanently present. Mice 
speeding to the feline tail region by passing under the cat may 
touch the animal, providing it with tactile information. The 
existence of an intrinsic sensori-motor delay, however, prevents 
the cat from using tactile feedback for completing a head 
movement directed at such mice. Therefore, these mouse directed 
head movements are not continuously guided by tactile infor-
mation. 
Since it is known that most animals track objects with head 
movements instead of eye movements (41), head- instead of eye 
movements were analysed for scoring the mouse directed movements 
described above. 
At the end of the observation period for each cat the number of 
externally guided and non-externally guided mouse directed head 
and limb movements was assessed. Moreover, the number of the 
four sub-types of non-externally guided mouse directed head 
movements (see above) was determined per cat. 
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Finally, the non-externally guided mouse directed head and 
limb movements were splitted in correct and incorrect movements. 
A correct non-externally guided mouse directed limb movement was 
scored in case the cat hit the mouse, whereas an incorrect 
non-externally guided mouse directed limb movement was scored in 
case the cat missed the mouse. 
In case a non-externally guided mouse directed head movement 
ended up with the head being in front of the mouse (see Figure 
8.2), the movement was scored as a correct head movement. In 
case a non-externally guided mouse directed head movement ended 
up in such a way that the head was placed left or right compared 
to the mouse, but not in front of the mouse (see Figure 8.2), the 
movement was scored as incorrect. 
At the end of the observation period, the number of incorrect 
non-externally guided mouse directed limb and head movements was 
assessed per cat. Moreover the number of incorrect non-ex-
ternally guided head movements, directed at a mouse that 1. 
passed along the cat to the feline tail region, and 2. passed 
under the cat to the feline tail region, was separately assessed. 
EXPERIMENTAL DESIGN 
The animals were subjected to injections of different agents: 
Picrotoxin (500ng /0.5ul; Serva Feinbiochemica Heidelberg), 
muscimol (200ng /lui; Serva Feinbiochemica Heidelberg) or 
distilled water (lul), i.e. the solvent of the drugs; they were 
bilaterally injected into the SNR. The chosen doses and volumes 
were based on the outcome of previous experiments (20, 21). 
Fifteen minutes after the SNR injections the cats were confronted 
with the mouse. The mouse directed head and limb movements were 
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analysed for 30 minutes. 
In order to study the GABA specificity of the effects, Picrotoxin 
injections were given 5 minutes before muscimol in a final series 
of experiments. Fifteen minutes after SNR injection of muscimol 
the experimental sessions as described above started. 
STATISTICS 
Unless mentioned otherwise, the term non-externally guided mouse 
directed (head or limb) movements refers to correct plus in-
correct non-externally guided mouse directed (head or limb) move-
ments. 
In the present study, the cats were repeatedly used. Since the 
population was small, and nothing was known about the population 
distribution of the data under study, a non-parametric test, i.e. 
the Wilcoxon matched pairs signed ranks test (15) was applied to 
the data described below. 
First, at the end of each experimental session, for every animal 
the total number of mouse directed head movements and limb 
movements was assessed. Moreover, the non-externally guided 
mouse directed head- and limb movements were expressed as a 
percentage of the total number of mouse directed head- and limb 
movements, respectively. 
Besides, the non-externally guided head movements directed at 
mice that 1. moved to the tail region of the cat, 2. did not 
move to the tail region of the cat, 3. passed under the cat to 
the feline tail region, 4. passed along the cat to the feline 
tail region, were also expressed as a percentage of the total 
number of mouse directed head movements. 
Secondly, the number of incorrect non-externally guided mouse 
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directed head- and limb movements was determined. Besides, the 
number of incorrect non-externally guided head movements directed 
at mice which 1. passed along the cat to the feline tail region 
and 2. passed under the cat to the feline tail region was 
separately assessed. 
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FIGURE 6.3 Group averages of the number of (non-externally guided 
plus externally guided) mouse directed limb movements after 
bilateral intranigral injections of distilled water (lul: H20), 
Picrotoxin (SOOng /O.Sul: PTX), muscimol (200ng /lul: MSM) or 
Picrotoxin (500ng/ O.Sul) followed by muscimol (200ng/ lul: 
PTX+HSH). The number of cats participating in each experiment is 
indicated in the bars. 
8.4 RESULTS 
LIMB MOVEMENTS 
Bilateral SNR injection of neither muscimol nor Picrotoxin 
affected the total number of externally guided plus non-ex-
ternally guided mouse directed limb movements (see Figure 8.3). 
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Moreover, Picrotoxin treated cats did not freeze under these 
circumstances, although they do freeze in a situation marked by 
the absence of any change in external stimuli (5, 50). SNR 
injection of Picrotoxin, however, significantly reduced the 
execution of non-externally guided mouse directed limb move­
ments (p<0.01). This effect was attenuated by application of 
muscimol. 
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FIGURE 8.4 Group averages of the percentage non-externally guided 
mouse STTrected limb movements after bilateral intranigral 
injections of distilled water (lul: H20), Picrotoxin (500ng 
/0.5ul: PTX), muscimol (200ng /lul: MSM) or Picrotoxin (500ng 
/0.5ul) followed by muscimol (200ng /lul: PTX+MSM). The 
calculation of the percentage non-externally guided mouse 
directed limb movements is outlined in the section Materials and 
Methods. The number of cats participating in each experiments is 
indicated in the bars. *p< 0.02, **p< 0.01. 
SNR application of muscimol itself significantly increased the 
execution of non-externally guided mouse directed limb movements 
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(p<0.02). Picrotoxin attenuated the muscimol induced effect. 
These results are represented in Figure 8.4. 
HEAD MOVEMENTS: GENERAL 
Neither SNR injection of Picrotoxin nor SNR application of 
muscimol affected the total number of externally guided plus 
non-externally guided mouse directed head movements (Figure Θ.5). 
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FIGURE 8.5 Group averages of the number of (non-externally guided 
plus externally guided) mouse directed head movements after 
bilateral intranigral injections of distilled water (lul: H20), 
or Picrotoxin (500ng /O.Bui: PTX), muscimol (200ng/lul: MSM) 
or Picrotoxin (500ng /0.5ul) followed by muscimol (200ng /lul: 
PTX+MSM). The number of cats participating in each experiment is 
indicated in the bars. 
SNR application of Picrotoxin, however, decreased the execution 
of non-externally guided mouse directed head movements (p<0.02). 
Muscimol attenuated this effect. SNR injection of muscimol 
itself significantly increased the execution of non-externally 
guided mouse directed head movements (p<0.01). Picrotoxin at-
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tenuated the muscimol induced effect. The results are shown in 
Figure 8.6A. 
HEAD MOVEMENTS: MOUSE NOT TO THE TAIL 
None of the treatments significantly affected non-externally 
guided head movements directed at mice which did not move to the 
tail (Figure 8.6B, left panel). 
HEAD MOVEMENTS: MOUSE TO THE TAIL 
SNR injected muscimol especially enhanced the execution of 
non-externally guided head movements that were directed at a 
mouse moving to the tail region of the cat (p<0.02). Picrotoxin 
attenuated the effect of muscimol. Picrotoxin itself had no ef-
fect upon these movements (Figure 8.6B, right panel). 
HEAD MOVEMENTS: MOUSE TO THE TAIL AND PASSING UNDER 
Especially non-externally guided head movements directed at mice 
that moved to the feline tail region by passing under the cat 
FIGURE 8.6A Group averages of the percentage non-externally 
guided mouse directed head movements. *p< 0.02, **p< 0.01. 
FIGURE 8.6B Group averages of the percentage non-externally 
guided head movements directed at mice that moved to the tail 
region of the cat (Figure right) and mice that did not move to 
the tail region of the cat (Figure left). *p< 0.02. 
FIGURE 8.6c Group averages of the percentage non-externally 
guided head movements directed at mice that moved to the feline 
tail region by passing under the cat (Figure left) and mice that 
moved to the feline tail region by passing along the cat (Figure 
right). *p< 0.02. 
The results represented in Figure 8.6A, 8.6B and 8.6C were 
obtained after bilateral intranigral injections of distilled 
water (lul: H20), Picrotoxin (500ng /0.5ul: PTX), muscimol 
(200ng /lul: MSM) or Picrotoxin (500ng /0.5ul) followed by 
muscimol (200ng /lul: PTX+MSM). The calculation of the 
percentage non-externally guided mouse directed head movements 
(Figure 8.6A) and related subdivisions (Figure 8.6B and 8.6C) is 
outlined in the section Materials and Methods. The number of 
cats participating in each experiment is indicated in the bars. 
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increased after muscimol injection into the SNR (p<0.02). 
Picrotoxin attenuated the muscimol induced effect. Picrotoxin 
itself had no effect upon these movements (Figure 8.6C, left 
panel). 
HEAD MOVEMENTS; HOUSE TO THE TAIL AND PASSING ALONG. 
None of the treatments significantly affected non-externally 
guided head movements directed at mice which moved to the tail 
region by passing along the cat (Figure 8.6C, right panel). 
CORRECT AND INCORRECT NON-EXTERNALLY GUIDED MOVEMENTS 
Incorrect non-externally guided mouse directed limb movements 
never occurred; the cats never missed the mouse, irrespective of 
the SNR injected agents. In contrast, incorrect non-externally 
guided mouse directed head movements occurred even in case 
distilled water was injected into the SNR. Neither SNR injection 
of Picrotoxin nor SNR application of muscimol affected the 
overall occurrence of incorrect non-externally guided mouse 
directed head movements (see Figure 8.7). 
However, a strong and positive correlation (phi-coefficient; 
Ferguson (15)) was found between the occurrence of incorrect head 
movements and the execution of non-externally guided head 
movements directed at mice moving to the feline tail region by 
either passing along or passing under the cat, after injecting 
distilled water (phi-coefficient; 0.88, p<0.001), Picrotoxin 
(phi-coefficient; 0.79, p<0.001) or Picrotoxin followed by 
muscimol (phi-coefficient; 0.73, p<0.001). The incorrect 
movements never occurred in case these cats executed non-ex-
ternally guided head movements directed at mice that did not move 
to the feline tail region; the same held true for muscimol 
treated cats. 
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FIGURE 8.7 Group averages of the number of incorrect 
non-externally guided mouse directed head movements after 
bilateral intranigral injection of distilled water (lul: H20), 
Picrotoxin (SOOng /0.5ul: PTX), muscimol (200ng /lul: MSM) or 
Picrotoxin (SOOng /O.Sul) followed by muscimol (200ng /lul: 
PTX+MSM). The number of cats participating in each experiment is 
indicated in the bars. 
In contrast to the animals treated with distilled water, 
Picrotoxin or Picrotoxin plus muscimol, the muscimol treated cats 
showed only a slight correlation between the occurrence of 
incorrect head movements and the execution of non-externally 
guided head movements directed at mice moving to the feline tail 
region (phi-coefficient; 0.19, p<0.1). In other words, 
incorrect non-externally guided head movements directed at mice 
moving to the feline tail region occurred only infrequently after 
muscimol injection. When splitting the head movements directed 
at mice moving to the tail region into "passing along" and 
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"passing under", however, a significant correlation between 
incorrect movements and movements of the subtype "passing along", 
but not movements of the subtype "passing under", was observed 
after SNR injection of muscimol (phi-coefficient; 0.79, p< 
0.001). 
HISTOLOGICAL DATA 
Histological verification revealed that the injections placed 
into the SNR were located at A [2.5:3.5], L [4.9:6.1] and V 
[2.9:4.0] (see Figure B.8). 
A 25 
FIGURE 8.8 Topographic distribution of the SNR injection sites 
according to Snider and Niemer (45). Only one side of the brain 
is shown, because the distribution of the injection sites was 
found to be identical in the left and right SNR. 
8.5 DISCUSSION 
The present study demonstrates that increasing and decreasing the 
GABA-ergic activity in the SNR affected the occurrence of 
non-externally guided mouse directed head and limb movements, 
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without inducing any deficits in the execution of these goal 
directed movements. In accordance with previous work (20, 30, 
31), the present study shows that increasing the GABA-ergic SNR 
activity by application of muscimol enhanced the overall 
occurrence of goal (mouse) directed head and limb movements, that 
were elicited but not continuously guided by external stimuli. 
Additionally, the present study demonstrates that muscimol 
enhanced in particular one subtype of non-externally guided mouse 
directed head movements, i.e. head movements directed at mice 
moving to the feline tail region by passing under the cat. 
Moreover, SNR application of muscimol reduced the occurrence of 
incorrect head movements in especially this sub-type of non-ex-
ternally guided mouse directed head movements. Recent 
electrophysiological studies (see Introduction), have suggested 
that the SNR affects the execution of non-externally guided 
targeting movements by directing the accessibility of dl-SC 
neurons to incoming external signals which are necessary for 
programming these movements. Additionally, it has been found 
that the GABA-ergic activity in the SNR plays a part in directing 
the reactivity of dl-SC neurons to sensory input (4): SNR 
application of GABA significantly enhances the responsiveness of 
dl-SC neurons to somatosensory input. It is tempting to specu-
late that this mechanism underlies the latter findings. It is 
likely that the mouse, while moving to the feline tail region by 
passing under the cat, touched the animal providing it with 
subtle tactile information. SNR injected muscimol might have 
enhanced the occurrence of non-externally guided head movements 
under these circumstances by increasing the reactivity of the 
dl-SC neurons to this subtle somatosensory input. Apart from 
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this particular effect, it is clear that SNR injected muscimol 
anyhow enhanced the number of non-externally guided targeting 
movements of the limbs (Figure Θ.4) and head (Figure 8.6A) 
without altering the vector of these movements. On the other 
hand, SNR injected Picrotoxin decreased the overall execution of 
non-externally guided mouse directed head and limb movements, 
without affecting any sub-type in particular. These results are 
in confirmation with previous studies which also have shown that 
Picrotoxin injected into the SNR decreases dl-SC related 
targeting movements (20, 21, 31). The decrement observed in the 
present study can not be interpreted as a general reduction in 
the ability to execute goal directed movements. On the contrary, 
cats pretreated with Picrotoxin into the SNR compensate their 
inability to execute non-externally guided mouse directed head or 
limb movements by exhibiting externally guided mouse directed 
head or limb movements, as demonstrated by the fact that the 
total number of externally guided plus non-externally guided 
mouse directed head or limb movements is not affected by SNR 
application of Picrotoxin. These findings are in accordance with 
previous work (20, 21), demonstrating that externally guided 
targeting movements take over from non-externally guided tar­
geting movements after injection of Picrotoxin into the SNR. 
As shown by Chevalier etal. (3) stimulation of the rat SNR 
decreases the responsiveness of the dl-SC neurons to external 
stimuli. It might be speculated that SNR injected Picrotoxin, 
which increased the neuronal activity in this area, decreased the 
overall execution of non-externally guided mouse directed head 
and limb movements by reducing the reactivity of the tectal 
neurons to external input. 
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Previously, it has been reported that SNR injected Picrotoxin 
induces freezing behaviour (5, 50). As mentioned in the Results, 
the Picrotoxin treated cats did not freeze in the present set-up. 
This becomes understandable in view of the notion that the 
execution of goal directed movements results in dynamic, i.e. 
continuously changing, proprioceptive input. As shown pre-
viously, SNR administration of Picrotoxin does not prevent the 
use of the latter stimuli (22). 
So, the present findings provide additional evidence in favour 
of the hypothesis that the SNR affects the occurrence of 
non-externally guided targeting movements by exerting a gating 
effect on the excitability of the dl-SC neurons via a 
disinhibitory mechanism. Since SNR injected muscimol did not 
induce any deficit in the execution of non-externally guided 
mouse directed head or limb movements, the present findings make 
it unlikely that the SNR provides the dl-SC with information 
about the body position which is required for determining the 
vector of non-externally guided targeting movements. Conse-
quently, one may wonder about the source of this information. 
Until now this problem is not yet solved. 
Recently Guthrie etal. (25) investigated the question whether 
the body position signal originates centrally or arises pe-
ripherally from muscles proprioceptors. Their findings pro-
vided evidence for a centrally generated corollary discharge. In 
line with these findings previous studies (46) suggested that the 
premotor and motoneuron circuitry is the source of an efferent 
copy signal reflecting the eye position. Peck (40) speculated 
that the "eye position" signal, required for translating signals 
of sensory modalities into vectors of non-externally guided 
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targeting eye movements, may originate from the pontine reticular 
formation. On the other hand, however. Peck (40) did not discard 
the possibility that the dl-SC receives information about the eye 
position originating from peripheral sources such as extraocular 
muscles or neck muscles. Future studies are required to answer 
this question. 
Anyhow, the present findings show that the SNR does not 
provide the dl-SC with information about the body position for 
programming the non-externally guided targeting movements under 
study. In summary, the present study provides data supporting 
the gating hypothesis rather than the efference copy hypothesis. 
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CHAPTER 9 
THE FUNCTION OF THE DEEPER LAYERS OF THE SUPERIOR COLLICULUS: 
SPATIALLY OR RETINOCENTRICALLY CODING OF 
NON-EXTERNALLY GUIDED TARGETING MOVEMENTS ? 
9.1 INTRODUCTION 
As described in the preceding chapters, the deeper layers of the 
superior colliculus (dl-SC) are recognized as a critical station 
for the execution of non-externally guided targeting movements of 
eye, head and body. Exactly how the dl-SC contribute to the 
execution of this type of goal directed movements has been 
extensively studied in visually elicited saccades, i.e. 
non-externally guided targeting eye movements. In the 1970s 
stimulation and recording studies in the monkey have generated 
two hypotheses about the collicular function. The "fovea-
tion hypothesis" (see below) emphasizes the computational aspects 
of the generation of visually elicited saccades, and the other 
hypothesis stresses the attentional aspects of these eye 
movements. The latter hypothesis has been proposed by Wurtz and 
colleagues (24, 62, 83, for review; 73). There are two aspects 
of their hypothesis that combined are called the "atten-
tion hypothesis". First, they have suggested that the dl-SC are 
involved in shifting attention to a special spatial location and 
in this manner facilitate movements that direct gaze to certain 
regions of the visual field. The second component of the 
attention hypothesis, a negative statement, is that the dl-SC are 
not involved in specifying the exact location of a visual target 
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or in specifying the precise metrics of the saccadic eye 
movements. Recent data mentioned in chapter 2 (34, 35), however, 
do not support the latter assertion (see also below). In the 
present chapter this superseded hypothesis will not be discussed 
in more detail. For a critical discussion see Sparks (73). 
The foveation- and attention hypotheses have guided research 
efforts in many laboratories for the past decade. A third 
hypothesis about the mechanisms underlying the visually elicited 
saccades has been generated. In this chapter this hypothesis 
will be referred to as the spatially coding hypothesis. Espe­
cially the work of David Sparks and colleagues has contributed a 
great deal to the elaboration of this hypothesis. The foveation 
hypothesis and spatially coding hypothesis will be discussed 
below in order to provide a framework for the design of 
electrophysiological experiments required to elucidate the 
possible mechanisms underlying the behavioural phenomena 
described in the chapters 3 up to θ. 
9.2 FOVEATION HYPOTHESIS 
Formulations of this hypothesis have been provided by Robinson 
(58), Robinson (59), Schiller and Koerner (63), Schiller and 
Stryker (64), Sparks etal. (67). 
According to this hypothesis, the function of the superior 
colliculus is to code the retinal location of a visual target 
relative to the fovea and to initiate a saccade that will produce 
foveal acquisition of the target. Retinal error, i.e. the 
distance and direction of the target image relative to the fovea 
is represented by the site of visually triggered activity in the 
retinotopically organized superficial layers of the superior 
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colliculus. Visually triggered discharges in the superficial 
layers are assumed to activate, relatively directly, subjacent 
regions of the colliculus containing neurons that discharge 
before saccadic eye movements. Motor activity in the motor map 
in the deeper neurons which corresponds to the retinotopic map in 
the overlying superficial neurons will somehow generate a saccade 
that brings the foveal projection onto the region of the visual 
field containing the target. 
In other words, a retinal error signal can specify, directly, the 
vector of the saccade required to bring the image of the target 
onto the fovea. In this scheme the position of the eyes in the 
orbit is unimportant, since there is a qne-to-one mapping of 
retinal loci to saccade vectors (43, 44, 71, 73). 
Several problems have been reported with the foveation hypothesis 
(43, 70, 71, 73); 
1. The findings of Hallet and Lightstone (31) have demonstrated 
that saccades can be made to targets localized in spatial 
rather than retinal coordinates: a visual target was flashed 
during a saccade. Subsequently, subjects were able to make a 
saccade back to the position of the flashed target which was 
no longer visible. Because the position of the eye changed 
after the flash, a retinal error signal alone could not 
specify the position of this target. The coordinates of the 
saccade back to the location of the briefly flashed target 
had to be computed with information about the direction and 
amplitude of the intervening saccade. 
The results of the experiments conducted by Mays and Sparks 
(43), Schiller and Sandell (65), Sparks and Mays (71), are 
зз 
not consistent with the foveation hypothesis either. In 
these studies, monkeys were trained to look to brief visual 
targets presented in a completely darkened room. On some 
trials, after the visual target disappeared, but before the 
saccade to the target could be initiated, the eyes were 
driven to another position in the orbit by electrical 
stimulation of the superior colliculus. The foveation 
hypothesis implying retinocentrically coding saccades, 
predicts that a saccade with a predetermined distance and 
direction, based entirely on retinal error would occur. In 
other words, according to this scheme the gaze would be 
predicted to miss the target location by a distance and 
direction equal to the vector of the stimulation induced 
movement. Contrary to the prediction of the retinocentric 
models, the subjects compensated for the Pertubation produced 
by the electrical stimulation, by exerting a saccade to the 
location of the target. Computation of the metrics of the 
compensatory saccade must have been based on information 
about the stimulation induced change in eye position as well 
as information about retinal error. 
2. The interaction between superficial and deeper layers of the 
superior colliculus does not occur in a simple and 
deterministic fashion as presumed by the foveation hy­
pothesis: Previous experiments have shown that visual 
stimuli can activate superficial cells without generating 
saccades (23, 24, 69). So, retinal activation of the 
overlying visual neurons has no effect on the probability of 
a saccade related discharge. 
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Furthermore, neurons in the intermediate and deep layers 
generate bursts of activity prior to spontaneous saccades in 
the dark. The saccade related bursts, however, are not pre­
ceded by discharges of superficial visual neurons (64, 67, 
Θ1). 
So, activity in the superficial layers of the superior 
colliculus is neither necessary nor sufficient to produce 
activation of saccade related neurons in the deeper layers of 
the underlying superior colliculus. 
3. The timing of the neuronal activity in the superficial and 
deeper layers of the superior colliculus and the latency of 
visually elicited saccades is not consistent with the pro­
posed mechanism (70, 73). 
Except for "express" saccades when the eye movements occur 
with latencies of 70-80 ms in monkey and 100 ms in man (10, 
18), ordinary visually elicited saccades occur 180-200 ms 
after stimulus onset (10, 18). Neurons with activity tightly 
coupled to saccade onset discharge about 20 ms before saccade 
onset, i.e. 160-180 ms after stimulus onset (69, 74), 
whereas neurons in the superficial layers discharge within 
30-60 ms of stimulus onset (70). So the difference between 
the visual activity in the superficial layers and the saccade 
related burst activity in the deeper layers of the superior 
colliculus is about 100-130 ms. Since 100 ms is not required 
for direct superficial-deep connections, Sparks (73) has 
concluded that the transmission of signals from superficial 
to deeper layers is neither simple nor direct as proposed by 
the foveation hypothesis. 
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4. The foveation hypthesis does not address the problem of how 
saccades are elicited by stimuli from other sensory mo-
dalities, such as touch and audition which are not retino-
topically organized. For example, the interaural cues that 
are used to localize auditory targets are in "head" rather 
than retinal coordinates and somatosensory information is 
somatotopically organized in a body frame of reference (14). 
An intriguing problem is how these different codes are 
brought together in order to permit appropriate saccades to 
tactile or auditory targets. According to the foveation hy-
pothesis however, the superior colliculus could not partic-
ipate in the generation of saccades to auditory or tactile 
targets unless the auditory and somatosensory signals are 
converted into retinal coordinates. 
5. As discussed in chapter 1, the anatomical evidence for con-
nections between superficial and deeper layers of the 
superior colliculus is equivocal: Some authors have 
demonstrated this connection (26, 27, 40, 51), whereas other 
studies (17) have not provided convincing evidence for the 
connections between the superficial and deeper layers of the 
superior colliculus. 
However, even if the anatomical data become available, the 
problems enumerated above, pose serious problems for the 
foveation hypothesis which proposes retinocentrically coding 
of visually elicited saccades in the superior colliculus 
(73). 
The problems mentioned above indicate that the foveation 
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hypothesis is no longer viable as a model for the generation of 
visually elicited saccades. 
Recently, the foveation hypothesis has been challenged by the 
hypothesis that these non-externally guided targeting eye 
movements are spatially instead of retinocentrically coded (22, 
39, 43, 44, 60, 65, 68, 71, 72, 73, 74). 
9.3 SPATIALLY CODING OF SACCADES 
In this model for the generation of saccades (41, 43, 60, 71, 72, 
73, 84); 
1. The location of a visual target for saccades is not coded 
relative to the fovea, i.e. by retinal error, but by combining 
information about eye position in the orbit with retinal error to 
form a representation of the target in space. Evidence for this 
view can be found in experiments which show that oculomotor 
control signals can influence the localization of a target with 
respect to head or body. Skavenski etal. (66) applied a 
constant load to the eye that was counteracted by the extraocular 
muscles. This resulted in no significant change in eye position 
but the additional force produced by the extraocular muscles, if 
unopposed, would have resulted in several degrees of rotation in 
a direction opposite to the load. The perceived location of a 
visual target relative to the body shifted in a direction 
opposite to that of the load. 2. Sensory signals must be 
translated into a signal of motor error, i.e. the vector of the 
saccade required to move the eyes from the current position to 
the desired, i.e. target, position. So, the command to the 
saccade generating system drives the eyes to a certain position 
in the orbit and not just a certain direction or amplitude. 3. 
342 
Saccades are not programmed in advance, but are directed to a 
final position by feedback of eye position information. 
The findings of Sparks etal. (68) are in accordance with the 
view that visually elicited saccades are spatially instead of 
retinocentrically coded. Monkeys were trained to perform a task 
in which, after fixation of an initial center target for a 
variable period, the offset of the center fixation was followed 
by successive presentations of two targets, В and C. Although 
the duration of targets В and С was less than the reaction time 
of the monkeys, reward was contingent on the animals making a 
saccade to position В within 300 ms and a second saccade from В 
to С before an additional 500 ms elapsed. So, two saccades had 
to be made in succession; the first to В and the second from В 
to C. The monkeys accurately executed both saccades. Com­
putation of the metrics of the second saccade from В to С must 
have been based on both retinal error and the change in eye 
position induced by the execution of the first saccade. 
The above mentioned studies (see 9.2) in which subjects 
compensated for the Pertubation produced by the electrical 
stimulation, by accurately executing a saccade to the location of 
the target, are also in accordance with the view that the 
visually elicited saccades are spatially instead of retino­
centrically coded. 
According to the view that visually elicited saccades are 
spatially instead of retinocentrically coded the dl-SC, receiving 
multisensory, i.e. visual, auditory and somatosensory, inputs 
(13, 16, 19, 33, 4Θ, 70, 76, 77, see also chapter 1), are 
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possibly a site where signals from different sensory modalities 
are translated into a signal of motor error, i.e. the vector of 
the saccades required to move the eyes from the current position 
to the desired (target) position, (14, 20, 21, 36, 38, 44, 46, 
54, 55, 68, 72, 73, 74, 79, 8u). 
9.4 ORIGIN OF EYE POSITION INFORMATION 
The question of the origin of the eye position signal required 
for generating a motor error signal is not yet solved. In a 
previous study (30) this question has been investigated. After 
eliminating peripheral extraocular muscle proprioception by 
transectioning the ophthalmic nerves bilaterally, monkeys had to 
execute a saccade related task: the animals looked at a 
lightened fixation target in an otherwise dark room. As this 
target was extinguished, a saccadic target was presented for 50 
ms at a selected location in the visual field. On randomly 
selected trials, after the saccadic target was extinguished but 
before the onset of the saccade to it, eye position was changed 
in a direction away from the target by microstimulation of the 
superior colliculus. After a brief pause at the new eye 
position, the animals made a compensatory saccade to the original 
target location. Postoperative compensation was possible only in 
case information about the stimulation induced eye movement was 
available. Since transectioning of the ophthalmic nerves 
eliminated peripheral extraocular muscle proprioception, these 
peripheral signals could not be the source of the eye position 
information. In this study, retinal feedback about change in eye 
position was prevented by the dark experimental environment and 
the absence of the saccadic target during and after the stimula-
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tion induced saccade. Guthrie étal. (30) have concluded that 
the eye position information originates from a centrally 
generated efference copy. 
Recent findings (25, 56, 57) have indicated that hand- and limb 
position signals, like the eye position information, originate 
extraretinally. Human subjects were seated in a darkened room 
with the index finger of the right hand resting on a small visual 
target located on a platform in front of them. They were 
instructed to move their finger as quickly and as accurately to 
the new location of the target as it jumped from its central 
position to a more peripheral one. At the beginning of the trial 
the subjects could see their finger. However, as soon as the 
subject's finger left the Startposition for the peripheral 
target, the subject's view of his hand and arm disappeared. The 
target first jumped from its central position to the randomly 
determined peripheral position (first step). On half of the 
trials this was followed by a second jump to a new position 10% 
further away (second step). Absence from visual information 
about position of the moving limb did not interfere with 
correction of the trajectory of pointing movements. Because the 
subjects could not see their moving limb, any new Information 
about the target location obtained at the end of the first step 
(see above), must have been combined with information about 
current position of the hand and limb that was derived from non 
visual sources. It has been concluded that information about 
hand and limb position in reaching movements originates ex-
traretinally. Frablanc etal. (57) have suggested that the 
source of this non visual information must be derived from 
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kinesthetic reafferences and/or efference copy. 
Mays and Sparks (43) have suggested that the eye position signal 
is derived from a point efferent from the superior colliculus. 
This view is in accordance with previous reports (30, 39, 71) 
that the eye position information signal is derived from an 
efference copy of the oculomotor circuit. Additionally, McKenzie 
and Lisberger (47) have assumed that an efference copy originates 
directly from the output of the saccade generator, reflecting 
only saccadic changes in eye position. 
Although these findings suggest a central origin of the eye 
position information, the exact source has not yet been pin-
pointed. 
Previous work has demonstrated that the activity of neurons in 
the nucleus prepositus hypoglossi in the alert animal is 
perfectly correlated with changes in eye position (6, 7, 15, 42). 
Based on these results it has been concluded that the role of the 
nucleus prepositus hypoglossi may be to generate signals encoding 
eye position (7, 45, 75). Moreover, it has also been suggested 
that the nucleus prepositus hypoglossi has an additional role in 
coding head and neck position (7, 28). 
The nucleus prepositus hypoglossi is known to project to the 
dl-SC (16, 45, see also chapter 1). Moreover in cats it has been 
shown (75) that topographical relations exist between the nucleus 
prepositus hypoglossi and the dl-SC, which as mentioned in 
chapter 2, are not only involved in eye movements (29, 62) but 
also in head and body movements (29, 62). The rostral part of 
the dl-SC has been shown to receive input from the rostral area 
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of the nucleus prepositus hypoglossi which is closely linked with 
oculomotor structures (11, 45) and sensitive to eye movements 
(28). The caudal part of the nucleus piepositus hypoglossi, 
being extremely sensitive to movements of shoulders and neck 
(28), has been demonstrated to project most strongly to the 
caudal part of the dl-SC (75). 
It is suggested (75) that the rostral part of the nucleus 
prepositus hypoglossi relays information about eye position to 
the rostral part of the dl-SC, whereas neck afferent input is 
suggested to gain access to the caudal part of the dl-SC, which 
is progressively more involved in head and body movements (62). 
Peck (55) however, has proposed a different source of the signal 
providing the superior colliculus with eye position information. 
Recently Peck (55) has demonstrated collicular units reflecting 
eye position. These collicular units are as consistently related 
to spontaneous changes in eye position in the dark as they are to 
task related fixations of visual targets. In this they resemble 
pontine units which also reflect eye position (12, 55). Although 
the discharge rates of the collicular neurons are more variable 
than those of the pontine units, other parameters like the peak 
firing frequencies are comparable. Consequently, Peck (55) has 
proposed that the superior colliculus receives corollary 
discharge signals reflecting eye position information from the 
pontine reticular formation. Zee etal. (84) have also spec-
ulated that the pontine reticular formation is the source of the 
eye position information. 
On the other hand, Peck (55) has not discarded the possibility 
that proprioceptive signals arising from peripheral origin 
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provide the superior colliculus with information about the eye 
position. As a matter of fact, proprioceptive signals arising 
from peripheral sources, i.e. extraocular muscles (1, 3, 4, 8, 
9, 61, 78), neck muscles (1, 5) and even fore- and hindlimb 
muscles (2, 3) are known to reach the colliculus. 
Finally, Peck (55) has considered the possibility that the 
combination or convergence of a corollary discharge and peri­
pherally originating proprioceptive signals provide the superior 
colliculus with eye position information. 
Anyhow, irrespective of the central or peripheral origin of the 
signal reflecting eye position information, this signal is 
required for translating sensory information into command signals 
in motor error coordinates: a process in which the dl-SC are in­
volved, possibly being a site where this translation takes place 
(see 9.3, 9.5 and 9.6). 
9.5 SPATIALLY CODING OF NON-EXTERNALLY GUIDED TARGETING 
EYE MOVEMENTS : VISUO-OCULOMOTOR PROPERTIES OF CELLS 
IN THE SUPERIOR COLLICULUS 
In order to specify the role of the dl-SC in spatially coding 
non-externally guided targeting eye movements, previous studies 
have recorded single unit activity from the dl-SC during the 
performance of two saccadic tasks described above. Briefly, in 
the first (double saccade) task (for detailed description see 
9.3) monkeys sat in front of an oscilloscope screen fixating a 
target at the center. The offset of the center fixation target 
was followed by successive presentations of targets В and C. The 
total duration of В and С was less than the reaction time of the 
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monkey, i.e. В and С went off before the saccade occurred. A 
reward was made contingent upon a saccade to position В followed 
by a saccade to position С (44, 6Θ, 72, 73). In the second task 
(for detailed description see 9.2 and 9.3) electrical stimulation 
of the monkey superior colliculus was delivered during the 
interval between target offset and saccade onset. Consequently, 
the eyes drove to another position in the orbit, thereby 
requiring a compensatory saccade (72, 73). 
A variety of types of neurons, i.e. visual cells, saccade 
related cells and quasi visual cells can be distinguished in the 
superior colliculus. In contrast to the latter cell type, i.e. 
quasi visual cells, the former two types of neurons will only be 
mentioned briefly. Subdivisions such as long lead saccade 
related cells and visually triggered motor cells (50) will not be 
described here since they are beyond the scope of this chapter. 
Visual cells respond only to the appearance of a visual stimulus 
in their receptive field. The cells are not activated by 
saccades in absence of an appropriate visual stimulus. The 
activity of these neurons signals the occurrence of a visual 
stimulus, whether or not the stimulus is selected for foveal 
viewing. In the dl-SC some cells (bi- or triraodal; see chapter 
1) also respond to somatosensory and/ or auditory stimuli. 
Saccade related cells on the other hand discharge prior to 
saccades within their movement field. Moreover, most saccade 
related cells have also been found to discharge on double saccade 
trials (see above). So, the presence of a visual stimulus as a 
direct saccade target has no effect on the probability of saccade 
related discharge. This is in accordance with the report that 
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saccade related cells have been found to discharge before 
spontaneous saccades in the dark (63, Θ1). 
Cells classified as quasi visual neurons have the following 
properies (44, 54, 72, 73, 74): 1. On single saccade trials, 
these neurons produce a sustained response to the presence of a 
stimulus in their receptive field. 2. On single saccade trials, 
alterations in spike activity associated with saccade onset are 
not observed. 3. Unlike visual cells (see above), these neurons 
discharge on double saccade trials even though a visual stimulus 
fails to appear in the receptive field. 4. The discharge 
occurring on double saccade trials is not tightly linked to 
stimulus or response events. 5. These cells not only discharge 
before saccades in their movement field in order to compensate 
for an intervening voluntary saccade (double saccade trials), but 
also for compensating stimulation induced perturbations in eye 
position. 
In other words, the quasi visual neurons signal motor error: 
they increase their discharge rate whenever there is a certain 
difference between the current and desired eye position, whether 
this motor error is produced by the appearance of a visual 
target, an intervening voluntary saccade or by a stimulation 
induced change in eye position after target offset (44, 68, 70, 
72, 73, 74). 
Although quasi visual cells require information about eye 
position, there is nothing in their firing pattern that directly 
indicates eye position in the orbit. In accordance with the view 
that quasi visual cells reflect motor error and not simply the 
presence of a visual stimulus, quasi visual cell activity 
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outlasts the stimulus durations (44). 
The neural representation of the visual target formed by quasi 
visual cell activity is dynamic: if a target is displaced or if 
the eyes move after a brief target has disappeared, the site of 
quasi visual cell activity shifts to a location that represents 
the new motor error (36, 70, 73, 74). This dynamic aspect of the 
neuronal representation of the target is also observed in case a 
sound source represents the target: for a given sound source at 
a given azimutz the interaural intensity difference generated 
varies as a function of the position of the head and in animals 
with mobile pinnae, the position of the ears (49, 80). 
Therefore, information about the difference in the intensities at 
the eardrums must have been combined with (peripheral pro-
prioceptive or efference copy) information about ear and head 
position. Finally, Sparks and Mays (70) have proposed an 
analogous process for somatosensory (tactile) spatial coding. 
Like the site of quasi visual cell activity which shifts with 
changes in eye position, the population of collicular neurons 
activated by tactile stimulation of a particular region of the 
body is suggested to shift with changes in eye, head or limb 
position. 
Recent findings (36, 38) have supported the view that the neural 
representation of a sensory target in the dl-SC is dynamic: 
monkeys placed with their heads fixed in the center of a 
semicircular track, were trained to look at either visual or 
auditory targets in a completely darkened room. Movement of a 
speaker (with a light emitting diode attached) along the track 
allowed targets to be presented at most locations on an imaginary 
sphere surrounding the animal. Three fixation lights, separated 
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by 24 degrees were placed along the horizontal meridian. At the 
beginning of each trial, one of the three fixation lights was 
randomly activated. After a variable interval an auditory or 
visual target was presented. In order to receive a liquid reward 
the monkey had to maintain fixation of the initial light until it 
was distinguished and then look for the peripheral target. In 
this way it was possible to plot the receptive fields of sound 
sensitive cells in the superior colliculus of alert monkeys while 
varying the direction of visual fixation. For every sound 
sensitive cell in the superior colliculus, it was found that the 
position of the eyes in the orbit had a distinct effect on the 
response to an auditory stimulus. In cells where a particular 
auditory target evoked a vigorous neuronal discharge in case gaze 
was directed at a fixation point opposite to the target, neural 
responses were remarkably attenuated or completely absent in case 
the monkey viewed a fixation point in the center or in the same 
direction as the target. 
Thus, the discharge of collicular neurons depends upon the 
movement required to look at the target, a factor that is a 
function of the position of the eyes in the orbit as well as the 
position of the target. So, the map of the auditory space found 
in the monkey superior colliculus is not a static representation. 
With each movement of the eyes in the orbit, the population of 
neurons responsive to an auditory stimulus in a particular 
spatial location changes to a new site within the dl-SC, a site 
representing a new motor-error signal. 
Additionally, it has been found that the collicular neurons 
bursting before visually initiated saccades, also burst before 
saccades to auditory targets (36, 37). This demonstrates that 
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auditory and visual signals are converted into common motor error 
coordinates. 
Previous findings (32) are not in accordance with the above 
mentioned conclusion on the dynamic representation of the 
auditory space. Harris etal. (32) have mapped receptive fields 
of acoustically responsive neurons in the feline dl-SC under 
three conditions: eyes straight ahead (within 7 degrees of 
resting position), eyes deviated > 7 degrees right of center, 
eyes deviated > 7 degrees left of center. These eye deviations 
were evoked by auditory stimuli presented at various locations. 
Other sounds were used to elicit targeting movements in the alert 
untrained cat which was placed in a darkened room with the head 
fixed, it has been found that the auditory receptive field does 
not move with the eyes. The investigators have concluded that 
the receptive field of auditory neurons in the feline dl-SC is 
organized in head centered coordinates: the representation of 
the auditory space in the feline dl-SC is suggested to be a 
static one (32). 
According to Sparks (73) however, a more controlled and 
exhaustive study should be undertaken before drawing this 
conclusion; besides the problem of a small sample (only 3 cells 
were recorded by Harris etal. (32)), Sparks (73) states that 
changes in eye position may influence responses to auditory 
stimuli in case these stimuli are used only as targets for the 
goal directed movements. Recently, Jay and Sparks (36) have 
noted rapid habituation of auditory responses when the auditory 
stimulus is not a target for a goal directed movement. Harris 
etal. (32) however, have not only used auditory stimuli as a 
target but also for eliciting changes in eye position. 
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Consequently, Sparks (73) concludes that the organization of the 
cat dl-SC may differ from that of the primate, but based on the 
limited data available, this conclusion seems premature. 
9.6 EPILOGUE 
In summary, the results of the experiments described above can 
best be explained assuming that the dl-SC are organized in motor 
coordinates. Motor error is encoded anatomically, being the site 
of activity in the superior colliculus which specifies saccade 
direction and amplitude. This command format imposes constraints 
upon the configuration of signals which can initiate saccades and 
determines the required transformations of sensory signals. 
Sensory input to the superior colliculus must specify the desired 
change in eye position by activating a particular subset of 
collicular neurons, instead of locating the target in eye, head 
or body coordinates. This requires dynamic maps of external, 
i.e. auditory, visual and somatosensory space. With each change 
in eye position, the site of visually, tactilly and acoustically 
induced activity shifts to a location that specifies the eye 
movement required to direct gaze to the target position. In 
other words, external signals are translated into common motor 
error coordinates being in register with a static motor map and 
subsequently converge into a shared motor pathway for the 
generation of saccadic eye movements (74). 
It has been suggested (44, 70) that the discharge of saccade 
related neurons is a motor command for correcting the motor 
error. Saccade related cells discharge before saccades of 
particular directions and amplitudes. The discharge of these 
neurons is tightly coupled to saccade onset (see above), even if 
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changes in eye position have occurred since target appearance. 
According to previous studies (44, 70) the discharge of these 
saccade related neurons must occur after retinal error and eye 
position signals have been combined for computing the necessary 
saccade vector. So, the discharge of the quasi visual cells is 
suggested to represent a motor error map, whereas saccade related 
neurons issue a command to correct this error. In this sense the 
saccade related neurons may be viewed as "vector generators" 
(70). Recently, Munoz and Guitton (52) have identified tecto­
spinal neurons in the caudal superior colliculus of the alert 
behaving cat. Munoz and Guitton ((52), p. 1Θ6) have observed 
that "these neurons discharged in a sustained manner for gaze 
position error vectors", i.e. saccade vectors required for 
correcting the motor error. It is tempting to speculate, that 
these tectospinal neurons, which discharge high frequency bursts 
of action potentials prior to visually elicited gaze shifts (53), 
are identical with the saccade related cells described above. 
The complex organization of the primate dl-SC, as described above 
has emanated primarily from experimental work investigating 
visually elicited saccadic eye movements (non-externally guided 
targeting eye movements). As shown in the preceding chapters, 
the feline dl-SC are not only involved in the execution of 
saccadic eye movements but they are also related to movements of 
the head and body. It is tempting to speculate that the feline 
dl-SC are organized in a similar way with respect to the 
execution of non-externally guided targeting movements in which 
other parts of the body than the eyes are involved. Since the 
behavioural phenomena described in the chapters 3 up to 8 do not 
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provide a decisive answer, further electrophysiological in-
vestigations are needed to solve this question. Insight into the 
hypotheses concerning the mechanisms underlying visually elicited 
saccades (non-externally guided targeting eye movements) may 
provide a firm basis for research into the mechanisms underlying 
non-externally guided targeting movements in which other parts of 
the body than the eyes are involved. 
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CHAPTER 10 
SUMMARY AND CONCLUSIONS 
The mammalian supeiior colliculus which receives multisensory 
information (chapter 1) and projects to structures involved in 
eye-» pinna-, head- and body movements (chapter 1), is known to 
play a major part in the execution of sensory-motor behaviour. 
Recent ablation, electrophysiological and pharmacological studies 
have provided evidence that the deeper layers of the superior 
colliculus (dl-SC) are involved in the execution of targeting 
movements that are elicited but not continuously guided by 
external, i.e. visual, auditory, tactile and olfactory, stimuli. 
These goal directed, feedforward or open-loop, movements have 
been called non-externally guided targeting movements. These 
goal directed movements have been dissociated from targeting 
movements that are continuously guided by external stimuli. The 
latter goal directed, feedback or closed-loop, movements have 
been labeled as externally guided targeting movements (chapter 
2). Pharmacological studies have demonstrated that the GABA-
ergic activity in the dl-SC is involved in the execution of non-
externally guided targeting eye movements, i.e. visually 
elicited saccades, (chapter 2). 
In the chapters 3 and 5 the role of the GABA-ergic activity in 
the dl-SC is investigated in the execution of non-externally 
guided targeting movements in which other parts of the body than 
the eyes are involved. Therefore, cats bilaterally injected with 
GABA-ergic agents into the dl-SC were subjected to three 
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different experimental set-ups. Walking from one side of a 
narrow wooden bar to the target at the other side under different 
lighting conditions, i.e. full light and stroboscopie illu-
mination (2 flashes/sec). The former set-up is useful for 
assessing a decrement in the execution of non-externally guided 
targeting movements, whereas the latter set-up is useful for 
assessing an enhancement in this type of targeting movements. In 
the third experimental set-up cats had to step out of a startbox 
on a rotating cylinder, i.e. executing a goal (cylinder) 
directed movement. The set-up was designed to prevent the 
execution of externally guided targeting movements, leaving the 
animals with the possibility to execute non-externally guided 
targeting movements in order to leave the startbox. 
Enhancement of the GABA-ergic dl-SC activity reduced the feline 
capacity to execute non-externally guided targeting movements in 
which other parts of the body than the eyes are involved. 
Decrement of the GABA-ergic dl-SC activity enhanced the execution 
of the latter targeting movements. The effects were GABA 
specific. So, the integrity of the GABA-ergic activity in the 
dl-SC is not only required for executing non-externally guided 
targeting eye movements (chapter 2), but also for executing 
non-externally guided targeting movements in which other parts of 
the body than the eyes are involved (chapters 3 and 5). 
One of the major input stations to the dl-SC is the substantia 
nigra pars reticulata (SNR) (see chapters 1 and 2). Recent 
electrophysiological studies have provided evidence that the SNR 
is also involved in the occurrence of non-externally guided 
targeting movements (chapter 2). Pharmacological studies in cats 
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and primates have even suggested that the GABA-ergic activity in 
the SNR plays a part in the exhibition of these targeting 
movements. 
In the chapters 3, 4 and 5 the role of the GABA-ergic activity in 
the SNR was investigated on the execution of non-externally 
guided targeting movements in which other parts of the body than 
the eyes are involved. Therefore, cats bilaterally SNR injected 
with GABA-ergic agents were subjected to the three experimental 
set-ups described above. Increasing the GABA-ergic activity in 
the SNR acted like decreasing the GABA-ergic activity in the 
dl-SC and vice versa (chapters 3 and 5). 
Besides, decreasing the GABA-ergic SNR activity prevented that 
decreasing the GABA-ergic dl-SC activity elicited non-externally 
guided targeting movements (chapter 4). These findings dem-
onstrate that the integrity of the GABA-ergic SNR activity is 
required for the execution of non-externally guided targeting 
movements in which other parts of the body than the eyes are 
involved. 
Chapter 8 concerns with the way the SNR contributes to the 
occurrence of these non-externally guided targeting movements. 
Two hypotheses were investigated. In the first hypothesis the 
SNR, which exerts a potent inhibitory influence on the collicular 
neurons through the release of GABA (chapters 1 and 2), is 
suggested to exert a "gating" effect on the superior colliculus 
before the execution of non-externally guided targeting move-
ments, i.e. before the execution of these targeting movements 
the SNR is hypothesized to release the dl-SC from tonic 
inhibition resulting in an increased reactivity of tectal neurons 
to sensory input (chapter 2). 
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Recent electrophysiological studies, investigating how the dl-SC 
contribute to the initiation of non-externally guided targeting 
eye movements, have indicated that the dl-SC are possibly a site 
where sensory signals of the target are translated into a signal 
of motor error, i.e. the difference between current body posi­
tion and desired (target) position (chapter 9). In the second 
(efference copy) hypothesis the SNR is suggested to provide the 
dl-SC with information about the body position required for 
determining the motor error. The results described in chapter β 
favour the (first) hypothesis that the SNR exerts a "gating" 
effect on the dl-SC. 
The integrity of the GABA-ergic activity in the SNR is also 
suggested to be required for adjusting the body position with the 
help of static, i.e. not continuously changing, proprioceptive 
stimuli instead of dynamic, i.e. continuously changing, pro­
prioceptive stimuli (stimuli originating in muscles, joints or 
organs of balance in the ears) (see chapter 2). 
In chapter 5 it was investigated whether the GABA-ergic activity 
in the SNR is also involved in the occurrence of movements that 
require proprioceptive stimuli for their execution. Since 
previous work has demonstrated that vestibular, i.e. 
proprioceptive, information is required for walking on a rotating 
cylinder, the effect of manipulating the GABA-ergic SNR activity 
was investigated on the feline ability to walk on a revolving 
cylinder. In this set-up the cats had to walk fast enough along 
the top of the cylinder in order to compensate for lateral 
displacement of the support. Increasing and decreasing the GABA-
ergic SNR activity affected the feline ability to walk on the 
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rotating cylinder. Based on these results it was suggested that 
the integrity of the GABA-ergic SNR activity is necessary for the 
occurrence of movements that use static proprioceptive stimuli 
for their execution (chapter 5 ) . 
Manipulation of the GABA-ergic activity in the dl-SC neither 
affected the body position (chapter 4) nor influenced the feline 
ability to walk on a rotating cylinder (chapter 5 ) . These 
findings provide evidence that SNR specific information about 
adjusting the body position or walking on a rotating cylinder is 
not channelled through the dl-SC (chapters 4 and 5 ) . 
Recently it has been found that dopamine receptors in the 
striatum (caudate nucleus and putamen), a major input station of 
the SNR, control the GABA-ergic activity both in the SNR and in 
the dl-SC (chapter 2 ) . 
In chapter 6 it was investigated whether the striatal 
dopaminergic activity is also involved in the occurrence of nigra 
specific movements (such as walking on a revolving cylinder) and 
(as speculated recently; chapter 2) non-externally guided 
targeting movements. Therefore the effect of striatal dopa-
minergic intervention was investigated in cats subjected to the 
above-mentioned set-ups. Decrement of the dopaminergic activity 
which is effective in reducing the functional involvement of the 
dopaminergic transmission in the caudate nucleus affected neither 
SNR specific movements nor non-externally guided targeting 
movements (chapter 6 ) . Increasing the degree of striatal 
dopaminergic blockade, however, progressively affected both the 
execution of SNR specific walking on a rotating cylinder and the 
execution of non-externally guided targeting movements in which 
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both the SNR and the dl-SC are involved (chapter 6). 
Switching arbitrarily, i.e. switching from one motor or 
behavioural program to another without the help of external 
stimuli that provide information about the behaviour to be 
executed, is a caudate specific behaviour that requires the in-
tegrity of the dopaminergic activity in this area (chapter 2). 
Recently it has been shown that information about this caudate 
specific switching arbitrarily is channelled through the 
GABA-ergic striato-nigral fibers (chapter 2). In the past it has 
been shown that information about many effects, like tonic EMG 
activity and circling, which can be induced by dopaminergic 
agents in the caudate nucleus is funnelled through the SNR and 
subsequently through the dl-SC, receiving GABA-ergic input from 
the SNR (chapter 2). 
In chapter 7 a start was made with analysing the possible 
involvement of the dl-SC in the expression of caudate specific 
arbitrarily switching. The results favour the hypothesis that 
information about switching arbitrarily is funnelled through the 
dl-SC. 
In conclusion, the integrity of the GABA-ergic activity in the 
dl-SC is required for the execution of non-externally guided 
targeting movements. The integrity of the GABA-ergic SNR ac-
tivity is also necessary for the occurrence of these collicular 
related targeting movements. The SNR is suggested to contribute 
to the initiation of non-externally guided targeting movements by 
releasing the dl-SC from tonic inhibition and subsequently 
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CALCATE NUCLEUS 
SBSTANTIA MERA f. RETICULATA 
DEEPER LAYERS of 
SUPERIOR COLUCUIUS 
FIGURE 10.1 Schematic representation of the involvement of the 
caudate nucleus, substantia nigra pars reticulata and deeper 
layers of the superior colliculus in the occurrence of non-
externally guided targeting movements (A), nigra specific effects 
concerning the adjustment of the body position or the ability to 
walk on a revolving cylinder (B) and switching arbitrarily (C). 
For explanation see text. 
increasing the reactivity of tectal neurons to external input. 
The integrity of the dopaminergic activity in the caudate nucleus 
is not required for executing these goal directed movements 
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(Figure 10.1, A). 
The integrity of the GABA-ergic activity in the SNR is suggested 
to be required not only for adjusting the body position with the 
help of static proprioceptive stimuli, but also for the 
occurrence of movements that use static proprioceptive stimuli 
for their execution (to be observed in cats walking on a re-
volving cylinder). Information about these SNR specific effects 
is not channelled through the dl-SC (Figure 10.1, B). Besides, 
the integrity of the dopaminergic activity in the caudate nucleus 
is not required for the occurrence of these SNR specific effects. 
Caudate specific information about switching arbitrarily is known 
to be funnelled through the SNR. Additionally, the dl-SC also 
seem to be involved in the expression of this caudate specific 
effect (Figure 10.1, C). 
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SAMENVATTING EN KONKLUSIES 
De colliculus superior van zoogdieren die multisensorische input 
ontvangt (hoofdstuk 1) en projekteert op strukturen die bi] oog-, 
oor-, kop- en lichaamsbewegingen betrokken zijn (hoofdstuk 1), 
speelt een zeer belangrijke rol bij de tot standkoming van 
sensomotonsch gedrag. 
Recente letsel, elektrofysiologische en farmakologische studies 
hebben aangetoond dat de diepere lagen van de colliculus superior 
(dl-SC) betrokken zijn bij de tot standkoming van doelbewegingen 
die weliswaar uitgelokt, maar niet continu gestuurd worden door 
externe (visuele, auditieve, olfaktoire en taktiele) prikkels. 
Deze doelbewegingen worden aangeduid met de term "met continu 
gestuurde doelbewegingen" (non-externally guided targeting move-
ments). In scherp contrast tot deze bewegingen staan de "continu 
gestuurde doelbewegingen" (externally guided targeting move-
ments); doelgerichte bewegingen die continu geleid worden door 
externe prikkels (hoofdstuk 2). Farmakologische studies hebben 
aangetoond dat de GABA aktiviteit in de dl-SC betrokken is bij de 
tot standkoming van "niet continu gestuurde doelgerichte oog 
bewegingen", ook wel visueel uitgelokte saccades genoemd (hoofd-
stuk 2) . 
In de hoofdstukken 3 en 5 wordt de rol van de GABA aktiviteit in 
de dl-SC bij de tot standkoming van "niet continu gestuurde 
doelbewegingen", waarbij andere lichaamsdelen dan de ogen 
betrokken zijn, onderzocht. Daartoe werden bij katten GABA-erge 
farmaka bilateraal in de dl-SC geinjekteerd. De dieren werden in 
drie verschillende experimentele opstellingen getest. Zij 
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moesten van de ene kant van een smalle houten balk lopen naar het 
doel aan de andere kant onder twee verschillende lichtcondities, 
nl. vol licht en stroboscopisch licht (2 flitsen/sec). Eerst-
genoemde opstelling wordt gebruikt voor het meten van een toename 
en laatstgenoemde opstelling wordt gebruikt voor het vaststellen 
van een afname in "niet continu gestuurde doelbewegingen". In de 
derde experimentele opstelling moesten katten vanuit een starthok 
op een roterende cylinder stappen, of anders gezegd, de dieren 
moesten een doel (cylinder) gerichte beweging uitvoeren. Deze 
opstelling verhinderde de katten om "continu gestuurde doel-
bewegingen" uit te voeren. Om het starthok te verlaten en op de 
roterende cylinder te stappen dienden "niet continu gestuurde 
doelbewegingen" uitgevoerd te worden. 
Toename van de GABA aktiviteit in de dl-SC reduceerde het aantal 
"niet continu gestuurde doelbewegingen" waarbij andere lichaams-
delen dan de ogen betrokken zijn. Afname van GABA aktiviteit in 
de dl-SC, daarentegen, deed dit soort doelbewegingen toenemen. 
De effekten waren GABA specifiek. Hieruit kan gekonkludeerd 
worden dat de intaktheid van de GABA-erge aktiviteit in de dl-SC 
niet alleen noodzakelijk is voor de tot standkoming van "niet 
continu gestuurde doelgerichte oogbewegingen" (hoofdstuk 2), maar 
ook voor dat type doelgerichte bewegingen waarbij andere 
lichaamsdelen dan de ogen betrokken zijn (hoofdstukken 3 en 5). 
Een belangrijke struktuur die op de dl-SC projekteert is de 
substantia nigra pars reticulata (SNR) (zie de hoofdstukken 1 en 
2). Recente elektrofysiologische studies hebben aangetoond dat 
de SNR ook bij de tot standkoming van "niet continu gestuurde 
doelbewegingen" betrokken is (hoofdstuk 2). Farmakologische 
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studies uitgevoerd bij katten en primaten doen zelfs vermoeden 
dat de GABA aktivlteit in de SNR een rol speelt bij dit soort 
doelbewegingen. 
In de hoofstukken 3, 4 en 5 werd de rol van de GABA-erge 
aktivlteit in de SNR onderzocht bij de tot standkoming van "niet 
continu gestuurde doelbewegingen" waarbij andere lichaamsdelen 
dan de ogen betrokken zijn. Daartoe werden GABA-erge farmaka 
bilateraal in de SNR van katten geinjekteerd. De dieren werden 
getest in bovengenoemde experimentele opstellingen. Toename van 
de GABA-erge aktivlteit in de SNR had hetzelfde effekt als afname 
van de GABA-erge aktiviteit in de dl-SC en vice versa (hoofd­
stukken 3 en 5). 
Tevens bleek een afname van de GABA-erge SNR aktiviteit te 
verhinderen dat een reduktie in de GABA-erge aktiviteit van de 
dl-SC het aantal "niet continu gestuurde doelbewegingen" deed 
toenemen (hoofdstuk 4). Deze bevindingen tonen aan dat de 
intaktheid van de GABA-erge aktiviteit in de SNR noodzakelijk is 
voor de tot standkoming van "niet continu gestuurde doel­
bewegingen" waarbij andere lichaamsdelen dan de ogen betrokken 
zijn. 
In hoofdstuk β wordt de wijze waarop de SNR bijdraagt aan de tot 
standkoming van laatstgenoemde doelbewegingen onderzocht. Twee 
hypothesen werden getoetst. In de eerste hypothese wordt gesteld 
dat de SNR, die via de afgifte van GABA een remmende invloed 
uitoefent op de colliculaire neuronen (hoofdstukken 1 en 2), vlak 
voor de tot standkoming van "niet continu gestuurde doel­
bewegingen" een "sluis-effekt" (gating effect) heeft op de dl-SC. 
Met andere woorden, er wordt verondersteld dat de SNR vlak voor 
de tot standkoming van deze doelbewegingen de dl-SC van een 
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tonisch remmend effekt ontdoet wat ertoe zou leiden dat de 
colliculaire neuronen gevoeliger worden voor externe input 
(hoofdstuk 2). 
Recente elektrofysiologische studies die de wijze waarop de dl-SC 
bijdragen aan de tot standkoming van "niet continu gestuurde 
doelgerichte oogbewegingen" onder de loep namen, hebben gesug­
gereerd dat in deze struktuur externe input van het doel omgezet 
wordt in een signaal dat de "motor error" (het verschil tussen de 
huidige lichaamspositie en de doelpositie) kodeert (hoofdstuk 9). 
In de tweede (efference copy) hypothese wordt verondersteld dat 
de SNR de dl-SC voorziet van informatie omtrent de lichaamspo­
sitie die nodig is om eerder genoemde "motor error" vast te 
stellen. De resultaten beschreven in hoofdstuk θ wijzen in de 
richting van de eerste hypothese; de SNR oefent een 
"sluis-effekt" uit op de dl-SC. 
Er wordt verondersteld dat de intaktheid van de GABA-erge 
aktiviteit in de SNR tevens vereist is voor het corrigeren van de 
houding met behulp van statische, dwz. niet continu veran­
derende, proprioceptieve prikkels, maar niet met behulp van dy­
namische, dwz. continu veranderende, proprioceptieve prikkels 
(prikkels afkomstig van spieren, gewrichten en het evenwichts­
orgaan) (zie hoofdstuk 2). In hoofdstuk 5 werd onderzocht of de 
GABA-erge aktiviteit in de SNR ook betrokken is bij de tot 
standkoming van bewegingen die uitgevoerd worden mbv. 
proprioceptieve prikkels. Omdat recentelijk werd aangetoond dat 
vestibulaire (proprioceptieve) informatie noodzakelijk is om over 
een roterende cylinder te lopen, werd het effekt van GABA-erge 
manipulatie in de SNR onderzocht op het vermogen van katten om 
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over een draaiende cylinder te lopen. In deze experimentele 
opstelling moesten de katten zich snel voortbewegen om te 
voorkomen dat zij van de draaiende cylinder zouden vallen. Zowel 
toename als afname van de GABA-erge aktiviteit in de SNR tastten 
de wijze waarop de katten over de roterende cylinder liepen aan. 
De resultaten doen vermoeden dat de intaktheid van de GABA-erge 
SNR aktiviteit noodzakelijk is voor de tot standkoming van be-
wegingen waarbij statische proprioceptieve prikkels gebruikt wor-
den (hoofdstuk 5). 
Manipulatie van de GABA-erge aktiviteit in de dl-SC had geen 
invloed op het vermogen van katten om de houding te corrigeren 
(hoofdstuk 4) of te lopen over een draaiende cylinder (hoofdstuk 
5). Dit toont aan dat de SNR specifieke informatie omtrent deze 
motorische vaardigheden niet via de dl-SC getransporteerd wordt 
(hoofdstukken 4 en 5). 
Recentelijk werd aangetoond dat de GABA-erge aktiviteit zowel in 
de SNR als in de dl-SC onder striatale (caudatus en putamen) 
dopaminerge controle staat (hoofdstuk 2). 
In hoofdstuk 6 werd onderzocht of de striatale dopaminerge 
aktiviteit ook betrokken is bij de tot standkoming van nigra 
specifieke bewegingen (zoals lopen over een roterende cylinder) 
en (zoals recentelijk werd gesuggereerd; hoofdstuk 2) "niet 
continu gestuurde doelbewegingen". Daartoe werd nagegaan wat de 
gevolgen van striatale dopaminerge interventie waren voor katten 
die in bovengenoemde experimentele opstellingen getest werden. 
Een zodanige afname in de dopaminerge aktiviteit dat een blokkade 
in de funktionele betrokkenheid van de dopaminerge transmissie in 
de nucleus caudatus het gevolg is, had geen effekt op de nigra 
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specifieke bewegingen en "niet continu gestuurde doelbewegingen" 
(hoofdstuk 6). Toename van de striatale dopaminerge blokkade 
tastte daarentegen in toenemende mate het SNR specifieke lopen 
over een roterende cylinder en "niet continu gestuurde doel-
bewegingen", waarvoor zowel de SNR als de dl-SC van belang zijn, 
aan (hoofdstuk 6). 
"Arbitrair switchen" (wisselen van een motorisch- of 
gedragsprogramma naar het volgende programma zonder dat daarbij 
externe prikkels, die informatie over het uit te voeren gedrag 
bevatten, gebruikt worden) is een caudatus specifiek gedrag 
waarvoor een intakte dopaminerge aktiviteit in deze struktuur 
noodzakelijk is (hoofdstuk 2). Recentelijk is aangetoond dat 
informatie over dit caudatus specifieke gedrag via de GABA-erge 
striato-nigrale vezels getransporteerd wordt (hoofdstuk 2). In 
het verleden werd aangetoond dat informatie over effekten, die 
door manipulatie van de dopaminerge aktiviteit in de caudatus 
opgeroepen kunnen worden (zoals tonische EMG aktiviteit en 
cirkelen) door de SNR en vervolgens door de dl-SC, die GABA-erge 
vezels ontvangt vanuit de SNR, getransporteerd worden (hoofdstuk 
2). 
In hoofdstuk 7 werd een eerste begin gemaakt met het onderzoek 
naar de betrokkenheid van de dl-SC bij de expressie van caudatus 
specifiek wisselen. De resultaten zijn in overeenstemming met de 
hypothese dat informatie over caudatus specifiek wisselen door de 
dl-SC getransporteerd wordt. 
Konkluderend kan gesteld worden dat de intaktheid van de 
GABA-erge aktiviteit in de dl-SC noodzakelijk is voor de tot 
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standkoming van "niet continu gestuurde doelbewegingen". De 
intaktheid van de GABA-erge aktiviteit in de SNR is ook nodig 
voor het optreden van deze colliculus gerelateerde doel-
bewegingen. De SNS wordt verondersteld bij te dragen aan de tot 
standkoming van deze doelbewegingen door de dl-SC van de tonische 
inhibitie te ontdoen, waardoor de gevoeligheid van colliculaire 
neuronen voor externe prikkels toeneemt. De intaktheid van de 
dopaminerge aktiviteit in de nucleus caudatus is niet 
noodzakelijk voor het optreden van "niet continu gestuurde doel-
gerichte bewegingen". Voor schematische weergave zie hoofdstuk 
10 (Figuur 10.1, A). 
De intaktheid van de GABA-erge aktiviteit in de SNR wordt 
verondersteld nodig te zijn voor zowel het corrigeren van de 
houding mbv. statische proprioceptieve prikkels als het uit-
voeren van bewegingen waarbij statische proprioceptieve prikkels 
gebruikt worden. Informatie over deze SNR specifieke effekten 
wordt niet via de dl-SC getransporteerd. Bovendien is de 
intaktheid van de dopaminerge aktiviteit in de nucleus caudatus 
niet vereist voor het optreden van deze SNR specifieke effekten. 
Voor schematische weergave zie hoofdstuk 10 (Figuur 10.1, B). 
Caudatus specifieke informatie over "eigenmachtig wisselen" wordt 
via de SNR getransporteerd. Tevens bestaan er duidelijke 
aanwijzigingen dat deze informatie ook via de dl-SC getranspor-
teerd wordt. Voor schematische weergave zie hoofdstuk 10 (Figuur 
10.1, O . 
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LIST OF ABBREVIATIONS 
H20 - DISTILLE? WATER 
MSM - MUSCIMOL 
PTX - PICROTOXIN 
APO - APOMORPHINE 
HAL(D)- HALOPERIDOL 
CN - CAUDATE NUCLEUS 
SNR - SUBSTANTIA NIGRA PARS RETICULATA 
dl-SC - DEEPER LAYERS OF THE SUPERIOR COLLICULUS 
GABA - GAMMA AMINO BUTYRIC ACID 
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STELLINGEN 
1. De intaktheid van de GABA-erge aktiviteit in de substantia 
nigra pars reticulata en de diepere lagen van de superior 
colliculus is noodzakelijk voor de tot standkoming van 
doelgerichte bewegingen die weliswaar uitgelokt maar niet 
continu gestuurd worden door externe prikkels. 
(dit proefschrift) 
2. De in dit proefschrift beschreven nigra specifieke bewe-
gingsdefekten die optreden na interventie met de GABA-erge 
transmissie in de substantia nigra pars reticulata lijken 
te moeten worden toegeschreven aan een onvermogen om bewe-
gingen te maken met behulp van statische (niet continu 
veranderende) proprioceptieve prikkels. 
(dit proefschrift) 
3. De in dit proefschrift beschreven gedrags effekten die spe-
cifiek zijn voor de substantia nigra pars reticulata worden 
niet via de diepere lagen van de superior colliculus ge-
medieerd. 
(dit proefschrift) 
4. Het parametrisch evalueren van tot rangnummers getransfor-
meerde data, iets dat frequent gebeurt bij de statistische 
analyse van de uit letsel studies verkregen gegevens, doet 
een geringe kennis van de basis principes van de kansbere-
kening vermoeden. 
5. Aangezien Boussaoud en Joseph na toediening van Picrotoxine 
en bicuculline in de substantia nigra pars reticulata van 
katten geen gevolgen voor het handhaven van de lichaamshou-
ding observeerden, zouden deze onderzoekers er goed aan 
doen een grondige verificatie van de injectieplaatsen uit 
te voeren. 
(D. Boussaoud en J.P. Joseph 
Exp. Brain Res., 57 1985 297-304). 
6. De term "(visually guided) orientation" als omschrijving van 
de doelgerichte bewegingen waarbij de substantia nigra pars 
reticulata en de diepere lagen van de superior colliculus een 
belangrijke rol spelen, dient niet meer gebruikt te worden. 
7. Niet zo zeer de wetenschap dat een proefdier, na een bepaal-
de behandeling, de hem opgelegde taak uitvoert, als wel de 
wijze waarop hij de opdracht uitvoert draagt bij tot het in-
zicht in de wijze waarop gedrag en het medierende substraat 
georganiseerd zijn. 
8. Bij onderzoek naar de relatie tussen individuele hersen-
structuren en gedrag zijn grote nadelen verbonden aan het 
gebruik van letsel technieken. 
9. Bij het maken van trainingsprogramma's voor (cognitieve) 
revalidatie dient uitgegaan te worden van de hierarchische 
organisatie van gedrag. 
10. In sommige bio-medisch wetenschappelijke vraagstellingen is 
de logica ver te zoeken. 
(How capable of driving are hos-
pitalized psychiatric patients 
under psycho-active drug therapy? 
Hobi, V. etal., J. Int. Med. Res., 
9 (1981) 434-447). 
11. Bij de klinisch-farmakologische evaluatie van oftalmica dient 
men rekening te houden met de kleur van de ogen. 
12. Bij vrouweljke astma patiënten dient men ten zeerste rekening 
te houden met interakties tussen theofylline en orale contra-
ceptiva. 
* (Rietveld E.C etal. Eur'. J. 
Clin. Pharmacol., 26 (1984) 
371-373). 
* (Houben, J.J.G., Pharmacother-
apy of bronchial asthma, thesis 
1985). 
13. De aan quazepaa toegeschreven selectiviteit voor benzodiaze­
pine 1 receptoren heeft waarschijnlijk geen klinische rele­
vantie. 
(Sieghart, И., Neurosci. Lett., 
38 (1983) 73-78). 
14. Ten aanzien van de recentelijk gerapporteerde positieve effek-
ten die optreden na implantatie van bijnierweefsel op de kop 
van de nucleus caudatus bij patiënten met Parkinson symptomen, 
is de spreekwoordelijke uitdrukking "een zwaluw maakt nog geen 
zomer" op zijn plaats. 
(Nadrazo, I., etal. New Eng. J. 
Med., 316 (1987) 831-834). 
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